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I. INTRODUCTION 
The natural range of the muskrat, Ondatra zibethicus (L.), comprises the major 
part of the North American continent (Fig. 1). In the northern and eastern parts 
of its range its distribution is more or less continuous, but in the arid west it is 
very patchy. The species is absent from some areas which, according to Storer 
(1938), are suitable for it. This writer assumes (op.cit. pp. 159-160) that »Muskrats 
probably reached some of the now isolated waters of the West during a period 
when aquatic and palustrine habitats were more widespread, in late Pleistocene 
or postglacial times. With subsequent contraction of habitat, stocks were reduced 
and isolated, since when limited sub specific clifferentiation has occurred. Parallel 
cases are known among amphibians and fishes in the western states.» 
~--.J 
fO 
1.3 
Fig. 1. The natural distribution of Ondatra zibethicus and O. obscurus. 1. Ondatra obscurus. 
2. O. z. zalophus, 3. O. z. spatulatus, 4. O. z. albus, 5. O. z. aquilonius, 6. O. z. osoyoosensis. 
7. O. z. cinnamominus, 8. O. z. zibethicus, 9. O. z. macrodon, 10. O. z. occipitalis, 11. O. z. mergens, 
12. O. z. goldmani, 13. O. z. bernardi, 14. O. z. pallidus, 15. O. z. ripensis, 16. O. z. rivalicius 
(Hall and Cockrum 1953). 
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Two species and fifteen races of the muskrat have been described (Fig. 1), but 
when more investigations are carried out their number will perhaps increase still 
further. 
As a fur-bearer, the muskrat has been trapped since 1638 (Brachrach 1930: 108) 
and at present it is the most important fur-bearing game animal (Hamilton 1939: 
375). Its economic importance has been the reason for attempts to increase its 
numbers by improvement of conditions and by liberation in new regions or in 
watercourses from where they had disappeared (e.g. Storer 1938, Sooter 1946, 
Roest 1951, Durrant 1952). For the same reason, muskrats have been introduced 
and farmed outside the North American continent. For this purpose, use has been 
made not only of the nominate race, the common muskrat, Ondatra z. zibethicus 
(L.), but also of the Virginian muskrat, O. z. macrodon (Merriam), the fur of 
which is more valuable. The area of the nominate race comprises Southeastern 
Canada, the northeastern and east central United States, from New Brunswick 
and Quebec west to Minnesota, and south to North Georgia and Arkansas, except 
along the Atlantic seaboard south of Delaware Bay (Hollister 1911). The Virginian 
muskrat occupies an area comprising the »Middle Atlantic coast region of the 
United States from Delaware Bay to Pamlico Sound; inland to Washington, 
Virginia, and Raleigh, N.C.» (op. cit., p. 18). 
Enthusiasm for introducing and farming muskrats was very considerable 
30-40 years ago among fur farmers both in the animal's native country and in 
Eurasia (ct. e.g. Storer 1938, Hoffman 1958). In Finland the first importations 
were made in the 1920's, and in the 1930's farming and liberation were continued 
with ever increasing rapidity. Muskrats escaped from cages, spread from the areaS 
in which they had been introduced and quickly occupied most of the watercourses 
in Finland, thus becoming a noteworthy feature of our game (Artimo 1949). When 
the feral muskrat stocks increased, the farming of muskrats became unprofitable 
and was abandoned. The number of introductions also decreased and they were 
restricted to the northern and eastern regions, where spread was slow. 
Since the publication of Johnson's (1925) fundamental monograph on the 
ecology of the muskrat, the animal has become a popular object of investigation 
both in its native country and in its new areas. The North-American research 
on muskrats has, thanks above all to Errington, provided valuable additions to 
our knowledge of mammalian ecology. 
In Central Europe, the spread and breeding of the muskrat has been studied in 
detail, too (e.g. Ulbrich 1930, Hoffmann 1958) and likewise in the British Isles 
(Warwick 1934, 1940), in France (e.g. Chappelier 1948, Giban et Aubry 1956) 
and in the Soviet Union, where Lavrov is known for his many investigations and 
as the author of an extensive survey (1957). 
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The present author's aim has been to collect data on the introduction of 
muskrats into Finland and their spread from the places of liberation, to investi-
gate the factors affecting their spread and acclimatization, and hence to try to 
establish a basis for the rational care of our muskrat waters. The author has 
studied various aspects of muskrat ecology and compared the results obtained 
with those of the American investigators. Since the parasites and diseases of 
Finnish muskrats have so far received no systematic study, these subjects could 
not be given the attention they deserve. It seems evident, however, that the 
muskrat stocks introduced into Finland have been very healthy (Lampio 1946) 
and remained so, for no mass deaths due to diseases have been recorded in Finland. 
Steady and effective trapping of the muskrat stocks has prevented overpopulation, 
and the establishment of stocks suffering from Jack of food and susceptible to 
diseases has obviously not occurred here. The situation has been the same in 
Central Europe (Hoffmann 1958) and in the Soviet Union (Novikov 1936 a, 
Vasiljev 1939, Lavrov 1953). For this reason no attempt has been made in this 
study to investigate diseases and parasites. 
The actual field studies were carried out in the period 1944-1949, mainly in 
the Kokemaenjoki drainage basin, which has long been a strong muskrat region, 
and in Uusimaa in the districts of Riihimaki and Lohja. Shorter field trips have 
been made to the districts of Rauma, Lappeenranta and Kuopio. 
A preliminary report on the care of our muskrat waters was published by the 
author in 1949, and in some other papers the ecology of muskrats has been dealt 
with (Artimo 1952, 1953, 1957). In the present paper, attention has mainly 
been focussed on the process of acclimatization and on the more theoretical aspects 
of this problem. 
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II. HISTORY OF INTRODUCTION INTO FINLAND 
A. Material 
1. Earlier accounts 
There are detailed accounts of some earlier introductions and of the initial 
distribution of muskrats in Finland (Andbacka 1923, 1924, Ahonen 1924, Korven-
kontio 1924, 1925, 1926, Liro 1924, 1925). Klemola (1936, 1937 a) published 
maps of the localities in which these animals had been introduced by 1935. On 
the basis of over 400 inquiries sent out by the Association of Finnish Fur Farmers, 
Lilja (1932) published a distribution map showing the extent of the area occupied 
by muskrats in this country in 1931. On the basis of the records of the Game 
Research Institute, the present author (Artimo 1945) reviewed the decline of our 
muskrat stock in 1944 and later published short summaries of the history of the 
spread of the species and maps of its range in Finland in 1925, 1931, 1945 and 
1948 (Artimo 1949), and in 1927, 1937 and 1954 (Artimo 1956). In addition, 
maps of the population densities and of the distribution of muskrat populations 
since the year 1950 were compiled by the Game Research Institute of Finland 
(Anonymous 1950, Siivonen & Vaananen 1951, Vaananen 1952, 1953, 1954, Selin 
1956, 1957, Morsky 1958). 
Local accounts and notes on the introduction and distribution of muskrats 
have also appeared in various other periodicals (Fiskeritidskrift fOr Finland, Luon-
non Ystava/Luonnon Tutkija, Metsalehti, Metsastys ja Kalastus, Suomen Ka-
lastuslehti, Tidskrift for Jakt och Fiske, Tidskrift for Jagare och Fiskare, Turkis-
talous) and in the newspapers. 
2. l)ata from archives 
The following data from archives have been utilized: 
Among the papers of the late Dr. V. Korvenkontio there is a sketch of the 
.area of distribution of muskrats in 1925. In these records there are also scattered 
notes and observations, mostly referring to Uusimaa and Harne and press-cuttings 
_ giving information about further introductions. This material is now in the keep-
ing of the Game Research Institute of Finland. 
In the archives of the Ministry of Agriculture (MA) there is a collection of 
records of muskrat importations and introductions sent in by different persons 
,to the game inspector, and a map of the Finnish range of the muskrat in 1937 
made by the game inspector of that time (V. Klemola). 
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From the archives of the State Board of Forestry the author obtained a list 
of all the releases of muskrats carried out by this institution. In the same archives 
there are also letters sent by private persons announcing introductions and newly 
occupied localities particularly regarding northern and eastern Finland, from 
where other reports have been less frequent. 
Dr. L. Siivonen placed at the author's disposal his valuable and very detailed 
records on the introduction of muskrats in Pieksamaki and their spread in this 
region. These records are based on an inquiry made through the newspapers and 
supplemented by letters addressed to many private persons, and on Dr. Siivonen's 
extensive excursions on the region in question in the years 1935 and 1936. 
3. Inquiries and other sources of data 
In the yearly game reports of the 200 or so members of the Finnish Hunters's 
Association (FHA) there is also information on new localities of the muskrat and 
notes on the size of the muskrat stock and of new introductions. These notes 
appeared in the Association's reports from 1928 until 1948. After this, and to some 
extent since the year 1945, these were replaced by the corresponding annual 
reports of the Game Research Institute, which are based on information from 
approximately 500 observers (d. Siivonen 1957). From these reports it has been 
possible to follow the spread of muskrat stocks and the fluctuation in their numbers 
from commune to commune throughout the country. 
In 1945, the Game Research Institute (GRI) carried out through its observer 
network a general survey of the introductions undertaken and the spread from 
these. Other observations elucidating different aspects of the ecology of muskrats 
were also requested. A total of 491 answers (from 391 communes of Finland) 
were received. The replies to the annual inquiries of the Game Research Institute 
on the amount of game stock also contain information on the size and spread of 
muskrat stocks, of their fluctuations in numbers, and other observations on the 
ecology of muskrats. In addition, the Game Research Institute has addressed 
inquiries to numerous private persons. In 1946, the Game Research Institute 
sent to all professional fishermen and persons whose part-time occupation is fishing, 
to fishery advisers and to piscicllltural stations an inquiry asking for information 
concerning damage caused by muskrats. Altogether 423 answers were recived. 
During his excursions the present author has made a number of additional 
inquiries. In this way, confirmation and more precise details regarding incomplete 
records were obtained. Further, it was possible to obtain information about some 
.introductions on which no documentary evidence was available. 
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B. I n t rod u c t ion s 
1. The origin of the animals introduced 
According to the archives mentioned above, altogether 103 specimens of 
muskrats were imported from Czechoslovakia. These muskrats were obviously 
descendants of a population belonging to the nominate race (Muller 1952, 1953) 
imported into Czechoslovakia from Ohio. 
In addition, it is estimated that about 700 specimens belonging to the nomi-
nate race were imported from Ontario, Canada. 
The number of animals of the black phase of the Virginian muskrat, O. z. 
macrodon (Merr.), also known as the blue muskrat, imported from Maryland and 
Pennsylvania (d. Koski 1946), U.S.A., is unknown. According to the information 
available, about 300 blue muskrats may have been introduced into different parts 
of Finland, but some of these may have been reared on Finnish fur farms. 
I t can thus be established that a total of at least 800 specimens of the nominate 
race and hardly more than 300 Virginian muskrats have been imported into 
Finland. The majority of the liberations carried out in Finland involved 
specimens reared on native fur farms, or feral specimens caught and transferred 
elsewhere. 
2. Types of introduction and numbers of animals involved 
The introductions carried out can be grouped as follows: 
a. Introductions by private persons or concerns were made in water systems 
owned or rented for this purpose in order to obtain furs in amounts calculated 
from American examples (e.g. Andtbacka 1923, 1924, Korvenkontio 1925, Koskelo 
1931, Lilja 1932). Although the muskrats throve and bred well in water systems 
suitable to them, the catches remained very small and the economic calculations 
proved overoptimistic. The animals, however, quickly spread to the surrounding 
waters. 
b. Fur farming under so-called semi-wild conditions, i.e. in lakes or bays of 
lakes fenced with wire mesh screen in order to keep the muskrat population within 
a restricted area. Some such farms were established in the 1930's, but the initial 
outlay proved to be too high in comparison with the profits, and the animals 
evidently escaped from them without difficulty. 
c. Muskrat farms where the animals were kept in cages. In the beginning, 
this seemed to be very profitable, because there was a great demand for muskrats 
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Fig. 2. Introductions of muskrats car-
ried out in different water-system areas. 
(I = Area of the Arctic Ocean, II = 
Tornion-Muonionjoki river basin, III 
= Kemijoki drainage basin, IV = 
Area of Kuusamo, V = Simo-
Kiiminkijoki water-system, VI = Ou-
lujoki drainage basin, V I I = River 
basins of the northern parts of Pohjan-
maa, V I I I = River basins of the sout-
hern parts of Pohjanmaa, IX = Koke-
miienjoki drainage basin, X = Kymi-
joki drainage basin, XI = Vuoksi 
drainage basin, XI l = Ladoga area, 
XIII = Suojoki river basin, XIV = 
Ahvenanmaa Islands, XV = River 
basins of S. W. Finland, XVI = River 
basins of Uusimaa, XVII = River 
basins of the eastern parts of the Gulf 
of Finland.) 
for introductions and for furs. In the 1930's there were many such muskrat farms 
from which specimens regularly escaped. As the natural muskrat populations 
originating from liberated and escaped specimens increased, such farms became 
unprofitable and were therefore gradually abandoned. 
d. Liberation was the last method to come into vogue. The animals were 
released in water systems rich in vegetation with the object of creating muskrat 
stocks of economic value. The liberations made by communes, by the Ministry 
of Agriculture, timber firms, fur firms, hunting and fishing societies and above all 
by the State Board of Forestry and some introductions carried out by private 
persons fall into this group. 
The first liberation in Finland was carried out in 1919-1920 in Lake Ruuhi-
jarvi near the town of Kajaani (in area VI, Fig. 2, information by letter from 
V. Haapalainen on 28. Nov. 1954). This attempt was evidently not very success-
tul, because later specimens were reintroduced into the same localities. This 
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100 1000 
50 500 
Fig. 3. Numbers of muskrat introductions during different 
years. (White = number of introductions, scale at left; 
hatched = number of specimens released, scale at right. 
These columns represent the situation in the entire country, 0 
..... N "- N ..... N 
'" N ..., "., '" '" LO the cross-hatched and black columns the corresponding N ~ , , , , '" ""' <X) 
..., 00 
numbers in North Finland.} rn N '" ..., ..., '" -.;t 5!? 5!? 5!? 5!? 5!? 5!? 
liberation, at least, seems not to have had any significant effect on the establish-
ment of the muskrat stock or its spread as regards either the whole country or 
even the waters in question (Artimo 1956). The second liberation which is referred 
to in the earlier literature as the first (Korvenkontio 1925, Liro 1925, Artimo 1949 
etc.) was made in 1922 in Kruunupyy (in area VIII, Fig. 2). It was from this 
liberation that the wild muskrat stock in Finland began to increase and spread. 
In the 1920's and 1930's much propaganda was made for the release of musk-
rats (e.g. Korvenkontio 1923, 1925, 1926, 1929 a, b, Andtbacka 1924, Koskelo 
1931, 1932, Lilja 1932 etc.). On the other hand, many writers obviously feared 
that the muskrat might become as great a pest here as in Central Europe (e.g. 
Suomalainen 1923, Brander 1924, Liro 1924, 1925). In spite of this, animals were 
liberated in at least 293 localities from Hankoniemi to Inari (Fig. 2). 
The interest in introductions varied remarkably in different periods (Fig. 3). 
It reached its peak in the years 1933-37, when altogether 137 liberations were 
made, whereas the number of specimens released was highest in the years 1928-32 
(1144 specimens). The wild muskrat stock gradually increased, and after 
1937 introductions were made only in remote districts in Central and North 
Finland. 
The majority of the introductions (61) were made in the Vuoksi drainage 
basin (Fig. 4). Only one introduction was made in the Ahvenanmaa Islands 
and in the Suojoki river basin. 
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Fig. 4. The numbers of muskrat released in different 
water-system areas. (The numbers indicate the number 
of introductions and the number of specimens released.) 
In 28 % of cases it has not been possible to ascertain the number of muskrats 
released. The highest number of pairs (200) was liberated in Lake Kirkkosumunen 
in Pieksiimaki (in the area X, Fig. 2). The next in order were: 50 pairs in Lake 
Kuusjarvi (Virrat, in the area IX), 58 specimens at HaggesbOle (Kirkkonummi, 
XVI) and 20 pairs in Lakes Kirakkajarvi (Inari, I), Portimojarvi (Ylitomio, II) 
and Kiurujarvi (Savonranta, XI). All other liberations consisted of less than 20 
pairs. Releases of one pair only were made in 15 localities. In one case (Lake 
Keskijarvi in Pudasjarvi, V) one member of the pair to be introduced died on the 
way. Soon after the release of one pair in Lake Puurijarvi in Kauvatsa (IX) one 
of the specimens was found dead. Most of the liberations consisted of 2 pairs. 
To get an approximate idea of the number of muskrats introduced, two pairs 
have been assumed to have been released in the cases where it has not been pos-
sible to find out the actual number of specimens. Calculated in this way, the total 
number of muskrats introduced would amount to about 2300 specimens. The 
greatest numbers of specimens (579) were released in the Kymijoki drainage 
basin (Fig. 4). 
It seems very probable that in most cases populations became established, 
increased and spread to adjacent water systems. Only 50 introductions are known 
with certainty to have failed. 
The blue muskrat, which was liberated in perhaps 46 localities, proved less 
successful than the nominate race. Blue muskrats, however, may still be living 
in some of their sites of release, because, in the opinion of fur farmers, 2-3 % of 
the total muskrat catch consists of blue muskrats. Most of these are found in the 
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Saimaa area, where they constitute about 10 % of the annual catch. Unless 
otherwise mentioned, the following account deals with the nominate race, but 
for purposes of comparison the fate of the blue muskrat is very significant. 
C. Dis per s a I fro m s eve r a Ice n t res 0 fin t rod u c t i on 
I t has not been considered necessary to describe in detail the dispersal of 
muskrats from every known place of liberation. Analyses of them are kept in 
the archives of the Game Research Institute. The following survey presents only 
some typical examples. The examples are from those watercourses for which the 
most detailed information is available on the development of the muskrat stock 
since its introduction. 
1. Dispersal in the river basins in the northern parts of Pohjanmaa 
In 1923,5 pairs of muskrats were introduced in the middle course of the Kala-
joki river basin in Ylivieska Commune (Ahonen 1924, Korvenkontio 1925, 
Liro 1925). In 1924 and in 1925, emigrations took place from this centre 
(Fig. 5). Through bogs and ditches they spread, especially during flood-time, to 
Sievi (in 1924) and from there on over the watershed to Kannus Commune (1925) 
in the Lestijoki river basin. In the Kalajoki river basin they spread to Lake Reis-
jarvi in the upper course and from there continued over the watershed to Lesti-
jarvi Commune. They reached the upper course of the Lestijoki river basin in 
1925. Muskrats also spread along the Kalajoki river basin to Nivala (1924) and 
Haapajarvi Communes in its upper course. Individual specimens obviously 
crossed a local watershed and in 1925 reached the upper course of the Pyhajoki 
river basin. From here they continued further over the main watershed to the 
Vuoksi drainage basin, where in the same year (1925) they reached Kiuruvesi 
Commune (Juvelius 1926). Alavieska, in the lower course of the Kalajoki river 
basin, was reached in 1924-25. The animals were also observed in Merijarvi 
Commune in the lower course of the Pyhajoki river basin. Further outposts were 
established in the area of this river basin in Haapavesi and Karsamaki Communes, 
from where the muskrats extended their emigrations up to the Siikajoki river 
basin (in Piippola and in Pulkkila Communes). In the north they reached Vihanti 
and Liminka Communes in 1924. During this expansion (1923-25) localities to 
a distance of 60 km. and up to 120 km. from the site of release were reached. The 
watersheds between the river basins apparently did not hinder or even delay the 
History of t:ntroduction into Finland 15 
HAILUOTO~ 
50 km 
L-~ __ J-__ L-~ __ ~I 
KINNULA 
Fig. 5. The dispersal of muskrats from the centre of release in Ylivieska to the river basins of the 
northernmost parts of Pohjanmaa (area VII, cf. Fig. 2) in the years 1923- 49 (0 = sites of release; 
1 = Lohtaja, 2 = Kannus, 3 = Toholampi, 4 = Lestijiirvi, 5 = Reisjiirvi, 6 = Sievi, 7 = Rautio, 
8 = Himanka, 9 = Kalajoki, 10 = Alavieska, 11 = Ylivieska, 12 = Nivala, 13 = Haapajiirvi, 
14 = Pyhiijiirvi, 15 = Kiirsiimiiki, 16 = Haapavesi, 17 = Oulainen, 18 = Merijiirvi, 19 = 
Pyhiijoki, 20 = Saloinen, 21 = Vihanti, 22 = Pulkkila, 23 = Piippola, 24 = Pyhiintii, 
25 = Kestilii, 26 = Rantsila, 27 = Paavola, 28 = Pattijoki, 29 = Siikajoki, 30 = Revonlahti, 
31 = Temmes, 32 = Tyrniivii, 33 = Lumijoki, 35 = Kempele, 36 = Oulunsalo). 
emigrations! At the periphery of their distributional area, the muskrats probably 
could not become permanently established, but perished before long; only reports 
of their absence were received in the following years (FHA). In the original site 
of liberation and for about 20--30 km. around it (d. Ahonen 1928), however, the 
population increased. This is shown by a newspaper report (Uusi Suomi 14. 10. 
1927) according to which muskrats were very abundant in the middle reaches 
16 The dispe1'sal and acclimatization ot the muskrat in Finland 
of the Kalajoki river basin and in adjoining waters and by the fact that in Yli-
vieska (1929) about 600 muskrats were caught (FHA). They were also found in 
isolated lakes and woodland pools. 
A further clearly observable peripheral expansion took place in the years 
1926-31, after which the muskrat stock in the main area decreased remarkably 
(FHA, Lilja 1932). During this expansion muskrats spread to Rautio and Kala-
joki Communes in the mouth of the river basin in which the first introduction 
had been made. They further settled in the mouth of the Lestijoki river basin 
(Kannus, Lohtaja, and Himanka Communes) in 1926-28. A permanent popula-
tion also developed in the upper course of the Kalajoki river basin (in Haapa-
jarvi 1926 and in Reisjarvi in 1930). From there the expansion extended further 
over the watershed to Pihtipudas Commune in the drainage basin of the Kymi-
joki (1928) and to Pielavesi Commune in the Vuoksi drainage basin (1928). In the 
north it reached the middle course of the Pyhajoki river where a strong popula-
tion has developed in Oulainen and Haapajarvi Communes (since the year 
1931). The introduction made in 1930 in Oulainen obviously had no effect on the 
settling of muskrats in this area, because at the same time numerous muskrats 
emigrated there from Ylivieska. From here pioneers wandered to Vihanti, Paa-
vola, and Revonlahti Communes (1931) in the Siikajoki river basin, but no colony 
became established there. During the expansion, permanent populations were 
found up to 40-50 km. from the centre in Ylivieska, and pioneers were observed 
at distances of up to 80-90 km. (Pielavesi, Pihtipudas, Paavola, Revonlahti). 
In the mouth of the Lestijoki river and in the middle course of the Pyhajoki 
river the populations increased remarkably, and a new period of expansion 
followed during the years 1932-36. By 1935, the shores of the Lestijoki river 
were tenanted by muskrats probably originating from the lower course of the river. 
As muskrats were found in Toholampi Commune at the same time (1932-33) 
as in Lestijarvi, the upper course of the Lestijoki water system was perhaps 
occupied by muskrats from the Kalajoki river basin (Reisjarvi) from which some 
pioneers had reached Lestijarvi even earlier (1925, d. above). From Lestijarvi 
the expansion extended to the upper course of the Kymijoki drainage basin. as far 
north as Kinnula (1933). The entire Kalajoki river basin was colonized, and from 
the middle course of Pyhajoki this river was entirely occupied by 1936. The 
muskrats continued their emigration from Haapavesi over the watershed to the 
lower course of the Siikajoki river basin (Paavola), but did not become established. 
As a result of a third expansion, the muskrats occupied areas about 60 km. from 
Ylivieska, but pioneers were observed at a distance of as much as 80 km. 
In the years 1937-40 a strong expansion was observed from Haapavesi to 
the upper course of the Siikajoki and from here to its middle course. Muskrats 
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were seen in Piippola, Pulkkila, Kestila (1937) and Pyhanta (1938) Communes, 
and their movements were observed in 1939-40 in the drainage canals of the 
Pelso bog. Movements of muskrats were also noted from the river basin of the 
Oulujoki (Saraisniemi) to the upper course of the Siikajoki river basin and vice 
versa. In Rantsila Commune the muskrats became settled in 1938-39. Animals 
were also released here at about the same time, but no detailed information con-
cerning the results are available. During this expansion the muskrat became per-
manently settled in a region up to 80-100 km. from Ylivieska, whilst pioneers 
from Rantsila or from Oulainen were found in Paavola, Liminka and further 
in Lumijoki and Tyrvana (1938) and Temmes Communes (1940). The perma-
nent population in the upper course of the Temmesjoki probably spread from 
Rantsila. Not until the 1944-49 expansion did muskrats occupy all the regions 
in the mouth of the Siikajoki river and the river basins of Temmesjoki and Liminka. 
Possibly this invasion partly took place from the muskrat farm at the mouth of 
the Siikajoki (in 1933-35). In Pattijoki and Saloinen Communes muskrats were 
also released in the isolated lakes Haapajarvi and Viitajarvi (in about 1933-35) 
but it is not possible to estimate the result, because muskrats reached these areas 
simultaneously from elsewhere. 
On the island of Hailuoto (Sy6kari) the first muskrats were found in 1949 (some 
winter houses; H. 1. Isola, GRI). Presumably they had been released there, 
although no information about this can be obtained. 
2. Dispersal in the southern parts of the Kokemaenjoki drainage basin 
In 1923, altogether 29 specimens of muskrats were released in the southern 
parts of the Kokemaenjoki drainage basin (Fig. 6) in Tuulos and Hauho Com-
munes (Korvenkontio 1925, Liro 1925, Happ6la 1928). From these populations 
a distinct expansion took place. In 1924, muskrats were already found in Vanaja 
and Riihimaki and in the city of Tampere (Anonymous 1925 a, b, Korvenkontio 
1926) at a distance of 65-75 km. from the site of release, but no permanent 
colony developed here. By 1925, only the waters near the sites of release were 
occupied permanently at a distance of about 20 km. (Lakes Roine, Hauhonselka, 
Ilmoilanselka, the southern parts of Lake Kukkia and the shores of Pyhajarvi). 
In these lakes the muskrat populations increased with enormous rapidity (Letter 
of Hj. Schulman Dec. 22, 1925, A. Pakkala, GRI; Anonymous 1925 a, Muhojarvi 
1927). 
During a strong expansion in the years 1926-30 the muskrats spread to a 
distance of 40-45 km. from the main area. In the Vanaja watercourse they reach-
ed Hausjarvi (in 1928-29, Anonymous 1930 a) and Kark61a (1930) Communes 
2 
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Fig. 6. The dispersal of muskrats in the southern parts of the Kokemiienjoki basin in the period 
1923-37 (area IX; 0 = sites of release; 1 = Loppi, 2 = Riihimiiki, 3 = Hausjiirvi, 
4 = janakkala, 5 = Vanaja, 6 = Hiimeenlinna, 7 = Kiirk81ii, 8 = Koski, 9 = Lammi, 
10 = Tuulos, 11 = Hauho, 12 = Tyrviint8, 13 = Siiiiksmiiki, 14 = Kalvola, 15 = Kylmii-
koski, 16 = Urjala, 17 = Lempiiiilii, 18 = Vesilahti, 19 = Karkku, 20 = Tampere, 21 = 
Piilkiine, 22 = Luopioinen, 23 = Kuhmalahti, 24 = Eriijiirvi, 24 = Orivesi, 26 = juupajoki). 
up the Puujoki river. Here the muskrats emigrating towards the upper course 
merged with a population spreading from the 1930 introduction in Lake Paajarvi, 
from where the expansion also extended over the watershed to Hollola Commune 
(1931, MA) in the Kymijoki drainage basin. Liberations made near the town of 
Hameenlinna and in Janakkala Commune in some isolated woodland pond (1928 
-29, Hakola 1931) seem not to have had any noteworthy effect on the distribution 
of the muskrats, which spread simultaneously to these regions from the direction 
of Hauho and Tuulos. The animals then emigrated through J anakkala to Renko 
Commune (1928) and from here over the watershed to the Loimijoki river basin 
and to Loppi and Riihimaki in the Vantaa river basin (1930). At the same time 
when the muskrats reached there from the centres in Hauho and Tuulos, some 
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animals were released at the mouth of the Vanaja watercourse III Tyrvanto 
Commune (1925). 
Along the shores of Lake Vanajavesi the muskrats spread up to Kalvola 
(in 1926-27) and in the years 1928-29 to Lempaala (Anonymous 1929). In the 
north they reached Lake Jouttesselka in Luopioinen (1926) and Langelmavesi 
in Kangasala, Sahalahti and Erajarvi Communes. In 1926, a few individuals 
were found in Orivesi Commune. Towards the north-east the expansion continued 
across Luopioinen in 1926-27 (Korvenkontio 1926, Saravuori 1933) and beyond 
to Kuhmalahti (1928), and Lammi (1926, Lake Kuohijarvi) and up to the borders 
of Padasjoki Commune in 1928 (Book 1928). New colonies developed in the occu-
pied regions in J anakkala, Kalvola, and in the southern parts of Lake Langelma-
vesi. In Kalvola, for instance, about 1200 muskrats from Lake Kalvolanjarvi were 
shot during two weeks in 1929 (E. Huti, GRI). This high number of muskrats 
indicates that invasions had taken place from elsewhere. In the watercourse of 
Langelmavesi the muskral~ were so abundant that they even nested under stones 
on barren islands (Korvenkontio, GRI). Such nesting has not been noted since 
then in this region and the author does not know of any such case~ elsewhere. 
From the same period (1929) there are reports from Janakkala of great damage 
inflicted by muskrats burrowing in the embankments (MA). From these centres 
a strong expansion began in the years 1930-33. From Kalvola this extended to 
Kylmakoski in the Viialanjoki watercourse in 1931 (Lilja 1932, Saravuori 1933) 
where muskrats also spread later from the population introduced in Urjala Com-
mune (1933) and further to Lempaala Commune in 1930-31 and to Vesi-
lahti. Here, in 1933, the animals merged with the muskrats spreading from Ylo-
jarvi (1926) or Karkku (1930) Communes. From the centre at Langelmavesi a 
strong expansion took place up the watercourse. Juupajoki Commune was reached 
in 1933, and by 1937 the whole Langelmavesi watercourse had obviously been 
colonized. In the south, the muskrats from Janakkala Commune reached the 
southern parts of Loppi in 1932-33. Thus everywhere the muskrats had reached 
the watersheds at the periphery of the drainage basin and locally had dispersed 
over these into other drainage basins. From the centres of introduction iI'\ Hauho 
and Tuulos Commune they had thus spread over a radius of 60-80 km. 
3. Dispersal in the northern parts of the Kokemiienjoki drainage basin 
In 1929, fifty pairs of muskrats were released in the commune of Virrat (Fig. 7). 
The expansion of this population started during the next two years; adjacent 
waters at a distance of about 20 km. were occupied within this time. Some individ-
uals were found in Vilppula (50 km. distant) but no permanent popUlation was 
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Fig. 7. The dispersal of muskrats in the 
northern parts of the Kokemaenjoki basin 
in the period 1929-39 (area IX; 0 = sites 
of release; 1 = Kuorevesi, 2 = Vilppula, 
3 = Mantia, 4 = Pohjaslahti, 5 = Keuru, 
6 = Virrat, 7 = Pihlajavesi, 8 = Multia, 
9 = Ahtari, 10 = Ruovesi). 
o 50 km 
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formed there. A remarkable increase was observed in the main area in 1934-37. 
During this period a new expansion took place. In the north the muskrats reached 
Ahtari in 1934 and by the year 1937 the middle parts of this commune had been 
invaded. In 1939, the northernmost parts of this watercourse were occupied. 
Emigration over the watershed (1934-35) to Alavus Commune, i.e. to the river 
basin in the southern part of Pohjanmaa (area VIII, Fig. 2) was also observed, 
and another expansion to Pohjaslahti and southwards to Ruovesi (1934) Com-
mune. In the following year the animals were already noted in Kuru Commune, 
to which they had simultaneously spread from the YlOjarvi centre in the south. 
In 1935 muskrats were found in one lake of the Pihlajavesi watercourse (MA). 
The middle reaches of the watercourse were occupied by 1937 and the whole 
watercourse by 1939. The southern parts of the Keuruu watercourse in the east 
were invaded in 1936-37. In Vilppula Commune the first pioneers, which were 
observed as early as 1931, disappeared without leaving any trace, but in the years 
1934-37 muskrats were observed there in ever increasing numbers. Emigration 
from the direction of Virrat was very frequent. From here the pioneers reached 
Multia Commune and, in 1936-37, the northern parts of Keurusselka Lake 
became permanently settled. Kuorevesi was occupied in 1935 and from there the 
muskrats spread over the watershed to the Jamsanjoki watercourse in the Kymi-
joki drainage basin (1935, area X, Fig. 2). The years 1936-37 were everywhere 
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Fig. 8. The dispersal of musk-
rats from the introduction in the 
watershed area of Pieksiimiiki in 
the period 1932-40. (Mainly 
according to Dr. L. Siivonen. 
GRI. Area X: 1 Rautalampi 
watercourse, : X2 Miintyharju 
watercourse, XI: 1 the area of 
I so Kalla, X I.' 2 the area of H au-
kivesi, XI: 3 the area of Sai-
maa-Puruvesi; 0 = sites of 
release; 1 = Kangasniemi, 2 = 
Virtasalmi, 3 = Joroinen, 4 = 
Pieksiimiiki, 5 = J liPpilii, 6 = 
Leppiivirta, 7 = Suonenjoki. 
8 = Rautalampi, 9 = Hauki-
vuori.) 
years of increase, and the southern parts of the watercourses of Kuorevesi-
Keuruu were invaded. In the years 1937 -39 an expansion again took place and 
the upper course of the water basin was occupied. It is true that 2 pairs were 
released at Kolho near Vilppula (1934), but by this time muskrats from Virrat 
had already reached the area and hence the quick and extensive occupation of 
parts of this watercourse cannot be attributed to this liberation, but rather to an 
unusually strong expansion from the direction of Virrat. 
4. Dispersal from the introduction in the Pieksamaki watershed region 
The greatest liberation of muskrats conducted in Finland (200 pairs) was 
made in Pieksamaki Commune (Fig. 8) in 1932. These muskrats were originally 
intended for the Soviet Union, but because of the early winter the plans were 
changed and the animals were released in October in Lake Kirkkosurnunen in 
Pieksamaki. Soon after this the waters froze. The number of animals released 
was much too large for this small lake, and the fencing, which reached some way 
around both the sides of the outlet, proved to be no barrier. In the winter of 
1932/33 there were 10 winter houses in the lake, indicating that the majority of the 
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muskrats had moved away at once. By the autumn of the year 1932, muskrats were 
found in Pieksanjarvi Lake (into which Lake Kirkkosurnurren empties its waters). 
In the winter of 1936/37, only 3-4 winter houses were found at the site of release. 
In 1933, the animals were observed only in the lake where they ha~ been 
released and in some adjacent lakes and pools. The first pioneers were found at a 
distance of 24 km. northwest of Lake Pieksanjarvi. In this year conditions for 
reproduction were favourable and a great expansion took place in 1933-35. 
Then the muskrats occupied water systems situated about 20-30 km. from the 
site of release. Through the outlet from Pieksanja~vi they spread about 30 km. 
northwards into the watercourse of Rautahlmpi (Fig. 8, watercourse area X: 1) 
and into the southern parts of Lake Suonteehselka. In the east they spread to the 
commune of Jappila into the watercourse of Haukivesi (area XI: 2) 30 km. from the 
site of release. In the east and southeast Lake Langelmavesi in Virtasalmi Com-
mune was reached. The muskrats may also have spread here from the introduc-
tion made in 1933 in Virtasalmi (6 pairs). In the south the distributional area 
reached to the northernmost parts of the watercourse of Mantyharju (X: 2, Lake 
Iso-Naakkima) and from here to the watercourse of Rautalampi (X: 1,). Pioneers 
were observed in Suonenjoki and in Tervo sound (about 40 km. from the site of 
release) and in the Haukivesi region they were also found near Joroinen (40 km. 
from the site ofrelease). 
A new expamion took place in 1936-38. Towards the north-west muskrats 
spread to Iisvesi and Koskelonvesi Lakes and to the neighbourhood of the village 
of Rautalampi in the watercourse of Rautalampi (X: 1). In the north-east the 
first muskrats were found in Leppavirta Commune in the region of Iso-Kalla 
(XI: 1) and occupied the shores of Lake Sorsavesi. The expansion extended to 
Joroinen, towards the east and southeast, further to the region of Haukivesi 
(XI: 2), and partly even to the region of Saimaa-Puruvesi (XI: 3). In the south 
in the commune of Haukivuori Lake Kangasjarvi was occupied. In the south-
east (:X: 2) these animals met the population spreading to Lake Kyyvesi from the 
introduction made in Kangasniemi in 1938. Animals were also released in about 
1931 in some woodland pool in the commune of Haukivuori but no information 
regarding their further history is available. When, eventually, muskrats occupied 
some water areas in the east in 1939-40, they had everywhere reached great 
lakes where they met other expanding populations. 
5. Dispersal in the coastal area 0/ U usimaa 
In 1924, 58 muskrats were introduced at Heggesbole, in Kirkkonummi Com-
mune (Korvenkontio 1925, Liro 1925). Rapid expansion along the bay of Espoo 
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took place in the years 1924-29 (Fig. 9). A large colony of muskrats was found 
there in 1928, in the west the base of the Porkkala peninsula was reached. The 
first pioneers were observed at Evitskog in the north (distance 20 km., in 1928) 
and near Helsinki ir, the east (30 km. from the site of release, in 1928, Korven-
kontio, GRI, Anonymous 1928 a) and in Inkoo Commune in the west (about 
30-40 km. from the site of release). 
Fig. 9. The dispersal of muskrats in the western parts of the coastal area of Uusimaa in the period 
1924-38 (area XVI; 0 = sites of release; 1 = Tammisaari, 2 = Snappertuna, 3 = Inkoo, 
4 = Siuntio, 5 = Kirkkonummi, 6 = Espoo, 7 = Porvoo, 8 = Sipoo, 9 = Tuusula, 10 = Nu.r· 
mijiirvi, 11 = Riihimiiki). 
In the years 1928-33 the muskrat population of Kirkkonummi was very 
abundant (Anonymous 1928 b, Korvenkontio, GRI; FHA; Lilja 1932). From 
the main area with a radius of only 10 km. a second expansion followed in 1930-33 
into the northern parts of Espoo and Kirkkonummi Communes (in 1931) and even 
to some outer islands of the Gulf of Finland, where they were observed on the 
island of Makilo in 1930 (Anonymous 1930 b). In the east, muskrats were found 
in Sipoo Commune, east of Helsinki, where in 1933 they met muskrats spreading 
from the direction of the city of Porvoo. The area of distribution extended north-
wards along the river Vantaa to Tuusula (1931) and to Nurmijarvi (1932) Com-
munes. In 1933, the animals were met there by the population spreading from· 
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Fig. 10. Muskrat introductions and the extent 
of their distributional area up to the end of 
1927. 
Fig. 11. Introductions of muskrats and the 
extent of their distributional area in the period 
1928-32. 
the direction of Riihimaki from the Puujoki river basin (p. 18). In the period 
1931-33 the populations spreading westwards along the seashore occupied the 
region up to Snappertuna Commune and in 1934 they reached the Tammisaari 
area, which was simultaneously invaded by other muskrats from the direction of 
Tenhola, where an introduction had been made in 1929 (Korvenkontio, GRI). 
In the north, the muskrats met emigrants coming from the centre at Siuntio 
(date of introduction 1928). During this expansion, regions about 50-60 km. 
from the site of release (Heggesbole) were permanently settled. 
D. The colon i sat ion 0 f the e n t ire co u n try and reg ion a 1 
differences in the rate of dispersion 
1. Range extension in 5-year periods 
The range extension of the muskrats in Finland during the years 1927 -57 is 
depicted in Figures 10-16. 
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By the year 1927 (Fig. 10), muskrats had been introduced into most water-
system areas in Finland. The distribution was then usually restricted to the 
surroundings of the sites of release. In Pohjanmaa (Fig. 10, areas VII, VIII) 
and in the Kokemaenjoki drainage basin (IX) there were somewhat larger and 
more continuous populations. 
In 1932, the picture was already greatly changed (Fig. 11) and, owing to 
further releases, far from uniform. Most of the new introductions (105) succeeded, 
hence the muskrats were distributed in numerous separate areas. In the earlier 
areas of introduction, extension of the range had taken place. Thus large areas 
were occupied in the northern parts of Pohjanmaa (VII), in the southern parts of 
Pohjanmaa (VIII) and in the Kokemaenjoki drainage basin (IX). In Uusimaa 
(XVI) the distributional area had likewise increased substantially. The only region 
devoid of muskrats was Kuusamo (IV), where no introductions had been made. 
By 1937, a further new 137 introductions had been made. At this time, nearly 
all the separate populations in the western parts of Finland had been merged 
(Fig. 12). The more or less continuous distributional area comprised the major 
part of South-west and Central Finland but particularly in the eastern part of 
Central Finland there were still small areas from which the muskrat was absent 
(in areas VI, XI, XII, XIII). In North Finland enlargement of the disjunct 
areas had taken place. But in the Tornionjoki river basin (area II) the muskrat 
population had disappeared. 
By 1942 (Fig. 13), the picture had again considerably changed, particularly 
in Central Finland. The areas VII-XVII were all occupied. The only areas 
from which muskrats were absent were in the Vuoksi drainage basin (XI) and in 
the Oulujoki drainage basin (VI), where there were two such areas, one in the east 
and the other in the central part. In the Simojoki and Kiiminkijoki river basins 
(V) the area occupied by muskrats had likewise grown considerably. Muskrats had 
been released in the Kuusamo water system (IV). Two successful introductions had 
also been made in the Tornionjoki drainage basin (II). The many different popu-
lations in the Kemijoki drainage basin (III) had merged, and new introductions 
had been made in 5 localities. On the other hand, the population introduced into 
Lapland (I) had obviously died out and a new introduction of 20 pairs of Canadian 
»tundra» muskrats did not succeed. 
In the year 1947 (Fig. 14), the picture had hardly changed. In the Oulujoki 
drainage basin (VI) a slight expansion had occurred but in the eastern parts a 
recession had taken place. The muskrats had disappeared from the lower course 
of the Simojoki river basin (V). In Kuusamo (IV) two new introductions had 
been made and the populations in the middle reaches of the Kemijoki drainage 
basin had become continuous. 
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Fig. 12. Introductions of muskrats and the 
extent of their distributiona1 area in the period 
1933-37. 
Fig. 14. Introductions of muskrats and the 
extent of their distributional area in the period 
1943-47. 
Fig. 13. Introductions of muskrats and the 
extent of their distributional area in the period. 
1938-42. 
Fig. 15. Intruodctions of muskrats and the 
extent of their distributional area in the 
period 1948-52. 
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Fig. 16. The distribution of muskrats by 
the end of 1957. 
Fig. 17. The distribution of muskrats in 
1958 and the density of populations in dif-
ferent parts of the country (black = popu-
lation larger than average, cross hatching = 
average, open hatching = lower than ave-
rage, blank = does not occur). 
In the years 1952-57 (Figs. 15-16) the muskrats extended their area in 
North Finland. The greatest changes took place in the Tornionjoki and Kemi-
joki drainage basins (II, III). In the former, the area had likewise become continu-
ous up to Pello. The muskrats spread from this region to the adjacent water 
systems in Sweden (Liljestrom 1954, Velthyusen 1954, Lundberg 1955). Like-
wise the gap in the Oulujoki drainage basin and in the eastern parts of Kuusamo 
(IV) were filled up and Hailuoto was invaded. 
Thus from the 293 sites of release in Finland, the muskrats spread in about 
3S years (1920-55), until they occupied practically all those water systems where 
they could thrive. Probably the only further opportunity for ef{pansion is in the 
drainage basin of Tornion-Muonionjoki (II.) Owing to the barrenness of the 
watershed area of the fjeld Saariselka. (areas I, III), muskrats can hardly spread 
naturally to the water systems of Arctic Lapland (I), where they have not become 
settled in spite of two introductions. 
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From the map of the present distribution of the muskrat (1958, Fig. 17) it 
can be seen that since the year 1957 (Fig. 16) the area of occupation has increased 
in North Finland. An extension of area has taken place in Muonio (in the area II), 
and in the upper course of the Kemijoki drainage basin (III) the population has 
reached somewhat further north. According to Brander (ef. Hoffmann 1958), 
the northernmost regions where muskrats have been found are lat. 67° N in the 
river Kemijoki and in the river Kaptugas, lat. 68° 30' N. 
In 1955, the muskrat population in Finland was very abundant, but in the 
succeeding years it has steadily decreased. From the last inquiry (1958) addressed 
by the Game Research Institute to its observers (Fig. 17), it seems that the musk-
rat population is smaller than average locally in South and Central Finland, 
over a wide area in the Ouluj oki drainage basin (VI) and in the upper course of the 
Vuoksi (XI). The muskrat population is also weak in the middle and upper courses 
of the Kemijoki (III) and in large parts of the Tornion-Muonionjoki river basin 
(II). Thriving muskrat colonies exist in two separate areas: in Salla Commune 
(III) and in the north-eastern corner of the Vuoksi drainage basin (XI). In all 
other places the muskrat population is of average size. 
2. Regional differences in the rate of expansion 
It has not been possible to obtain exact information on the size of the water 
areas occupied by muskrats in Finland during the successive periods, but if they 
are roughly estimated and plotted against the water areas available1 the general 
picture is as in Fig. 18. 
100 
S.W'. Finland 
The whol~ :.o~n!I"Y 
,- ---, 
75 / North F;nland / 
/ .-.-
/ / 
/ 
I 
/ 
50 I 
I / 
I / 
I 
I / 
I / 
I / 
I 
/ 
/ , , 
Fig. 18. The spread of muskrats as a per- / 
_.-./ 
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1 According to »Suomen pinta-ala kunnittaim (The areas of the Finnish communes) 
published by the General Survey Office (No. 27), Helsinki 1934. 
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The distributional area slowly increased throughout the country up to 1932. 
In the years 1933-37 the areas occupied were very large. On account of the 
numerous introductions and of favourable breeding conditions, over half the 
inland water areas of Finland became occupied. In 1938-42 expansion was 
still rapid, although clearly weaker than in the previous 5-year period. In the 
years 1938-42 the population density decreased noticeably (d. Part V); the 
retardation in the expansion may largely be due to this fact. Thereafter the ex-
pansion was very clearly retarded. The occupation of the most barren upper courses 
of water systems and of the water systems in North Finland then continued 
slowly until recent years (Figures 14--17). In the water systems north of the 
Oulujoki river basin (area VI), the occupation has been distinctly slower than in 
other parts of Finland, especially southwest and south (Fig. 18). The slow 
dispersal of muskrats in North Finland where the first introduction was made as 
long ago as 1927, was obviously not caused by the small number of specimens 
introduced but by the generally infavourable conditions of this area. 
In 1927, 3 pairs of muskrats were released in Lake Vuontisjarvi (I), obviously with suc-
cess, since they increased in numbers and by 1930 they were already found at a distance of 
21 km. from the site of release (Lehtola 1932). In 1937, the first specimens were found in Lake 
Inarinjarvi, about 100 km. from the site of release. The last reports of these muskrats were 
obtained in 1943 (H. Lehtola's letter of Jan. 28, 1947). After this, only reports of their absence 
have been received (GRI). The second introduction, this time of 20 pairs, was made in Lake 
Kirakkajarvi in 1939, but no muskrats have been seen in the region since that date (T. Maki, 
verbal communication). 
Seven introductions comprising altogether 35 pairs were made in the period 1930-51 in 
the Tornionjoki-Muonionjoki drainage basin (II). The first two made at Muonio, were 
unsuccessful (Figs. 11-12). The descendants of the remaining 29 pairs gradually released 
occupied the lower and central parts of the river system. 
Releases of altogether 87 pairs of muskrats were made in the period 1931- 39 in the Kemi-
joki riv,;)r basin (III) in a total of 27 localities. In 20 of these the introductions are known to 
have succeeded. 
In 1941 and 1943 15 muskrats were released in 3 localities in the waters of Kuusamo (IV). 
All these introductions succeeded. 
In the years 1929-37, 14 introductions totalling 69 specimens were carried out in the 
area bordered by the Simojoki and Kiiminkijoki Rivers (V). Of these, only one was unsuccess-
ful. 
Altogether 374 specimens of muskrats were thus introduced into the water 
systems on North Finland (I-V) in 53 localities. Of these introductions 80 % 
were made before the year 1938 (Fig. 3, p. 12). There has thus been adequate 
time and material for expansion to have taken place. 
The water systems in South and South-west Finland (areas IX, X, XV, XVI) 
were, on the contrary, invaded at a quite remarkable speed and were nearly com-
pletely occupied by the year 1937 (Fig. 12). 
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3. The emigration and spreading speeds in watershed areas of different types 
There are reliable observations on altogether 53 cases of the point-to-point 
speed of emigration of single muskrat specimens in watershed areas of different 
types, 22 of them from coastal areas and 31 from inland. Unfortunately there are 
no reliable records from North Finland. These observations on the distances 
covered by single individuals are as follows]: 
Rapidity classes Coastal Inland Total 
4-10 km./year .......... 4 9 13 
10-20 .......... 10 15 25 
20-30 .......... 4 3 7 
30-40 .- ....... . 1 3 4 
40-50 .......... 1 1 
50-60 .......... 1 1 
60-70 .......... 1 1 
70-120 ....•..• o. 1 1 
22 31 53 
From these data it can be seen that values of from 4 to 120 km. per year 
have been observed. Both in the coastal region with numerous rivers and in the 
water systems of the lake area, most reports reveal emigration speeds of 1-20 km. 
per year. Long-distance emigrations of scattered )}pioneers)}, such as the emigration 
of muskrats from Ylivieska to Liminka (120 km. in a year, see above p. 14) and 
from Tuulos to Riihimaki (65 km.jin a year, p. 17) are obviously rare events (see 
also Hoffmann 1958: 207-208). In the record case observed in Liminka floods 
probably caused passive spread and thus assisted the emigration. Observations 
made on the Karelian Isthmus by V. Ruokonen (verbal note) agree well with those 
of the present author. In the 1920's and 1930's emigration speeds of abo.ut 24-
30 km. per year were observed there. 
The large number of introductions obviously secured their success, but the 
number of muskrats released did not seem to have any noteworthy effect on the 
rate of emigration of single individuals. The emigration speeds of muskrats 
originating from the introduction of 200 pairs into Pieksamaki, for example,were 
almost equal to those of 29 individuals from Hauho-Tuulos or of 50 pairs from 
Virrat. 
It might be anticipated that the speeds of emigration would be lower in the 
inland waters than in the river-dominated coastal areas, where the water systems 
are straighter. For during their wanderings muskrats generally explore every 
bight. No clear differences can be observed, however, between emigrations in 
these two types of water system. 
1 The distances were measured from a map (1: 400.000) as carefully as possible, con-
sequently along the shortest probable water system. 
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Nor is there any evidence of slower emigration upstream than downstream. 
The current as such thus seems not to have presented any hindrance to the 
invasion of our watercourses. In several cases, indeed, the emigration towards the 
lower course has been remarkably slow. 
The occupation of the lower course and mouth of the river Kemijoki took an unexpectedly 
long time. Muskrats were already present in Tervola and in the Kaisajoki river, which is 
connected with the mouth of the Kemijoki in 1947 (Fig. 14), but the occupation of the latter 
did not occur until the year 1953. It is not known in detail whether it took place from the 
direction of the Kaisajoki river system, where muskrats were released in 1939 and in 1949, 
or from Tervola. The occupation of the mouth of the Simojoki river also took a long time. 
Muskrats had already become established in its upper courses in 1947 (Fig. 14) but the invasion 
of its lower course did not occur until 1953 (Fig. 16). 
Ulbrich (1930) reported the mean speed of emigration of Central European 
muskrats to be 30-40 km. per year, i.e. distinctly higher than has been observed 
in Finland. Mohr (1933: 59) writes: »In the years 1923-24 in Bavaria the rate 
of migration is said to have amounted to 50-70 km. yearly). These values, like 
those given by Ulbrich (op.cit.), seem to be based on a rough estimation. 
According to Schilder (1956: 112), the mean distance covered per year (in 16 years) 
was 25 km. According to Turcek (1957) in Slovakia the speed of emigration of 
muskrats was 20 km./year, and according to Hoffmann (1958:128) in Germany the 
distances covered were from 9 to 20 km./year as the crow flies. Because the favour-
able time for emigrations of muskrats (without snow and ice) is considerably longer 
in Central Europe than in Finland, the annual speeds of emigration should be 
higher in the former area. 
A single marked male travelled 21.6 km. in a day and a female 10.4 km. in aday. 
Similarly in 15 days and nights one male had travelled 50 km against the current 
(= 3.3 km./24 hours, Pustet 1933). 
From England, Warwick (1934) reports that in the period 1929-31, muskrats emigrated 
along the shores of Severn for a distance of 20 miles, i.e. at a rate of about 16 km.jyear. Between 
1929-33, they had spread along the same river 9 miles upstream and 27 miles downstream, 
i.e. at a rate of 4-11 km.jyear. An isolated individual was found at a point near Oakengates, 
having travelled at a rate of about 13 km.jyear; others had wandered up the river Tern, at about 
14 km.jyear, and to the upper course of Cound Brook, at about 15 km.jyear. In Scotland, 
muskrats had travelled a distance of 20 miles in two years .(16 km.jyear). From Whitemoss 
Loch they emigrated to Dryburgh at a rate of about 24 km.jyear (in 1929-31) and to Glamis 
Castle (in 1933) at about 24 km.jyear. 
The emigration speeds calculated from Warwick's data agree well with the 
values from Finland. From the Soviet Union, Lavrov (1931) mentions that in a 
short time the current carried muskrats scores of kilometres, even as much as 
150 km./year. Novikov (1936 a) reports further that in autumn individual speci-
mens may emigrate as much as 40-50 km and that, in barren watercourses in the 
Kola Peninsula (idem 1936 b) muskrats moved for distance of up to 70 km during 
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the fist year. These values, like the Central European record values (d. above), 
agree well with the corresponding values from Finland. 
Very little is known about speeds of emigration of other mammals. Kalela (1940) 
mentions that the polecat has extended its area in Finland in the years 1879-
1939 by about 6 km.jyear. Gerschenson (1945) reports that in the Ukraine the 
black hamster (Cricetus cricetus) had increased its range during the years 1935-39 
by as much as 150 km., or 38 km. per year. Ecke (1954) has established that in 
South Georgia the Norway rat (Rattus norvegicus) extended its area by about 20 
miles as the crow flies in six years, i.e. by 5.4 km.jyear. According to Schilder 
(1956:112), in the Soviet Union the European hare (Lepus europaeus) has extended 
its range by about 18 km.jyear during the last 100 years. 
These data show that the emigration of the muskrat has been very rapid in 
comparison with that of other mammals. In all the countries where the species 
has been introduced it has been observed that its range has increased remarkably 
quickly. It is, in fact, extraordinary that not even birds have been able to attain 
much higher rates of range extension. According to Schilder (1956:112) the 
starling (Sturnus vulgaris), which were introduced into North America, has there 
extended its range by 43-80 km.jyear. 
The cumulative effect of trips beyond the home range is such that muskrats 
finally come to occupy all those watercourses which are suitable to them. The 
speed of their spreading varies very much in coastal and inland watercourses, as is 
seen from numbers of observations in the Table below, from 4 to 170 sq.km.jyear 
(areas of watercourses according to Siren 1955): 
Rate of expansion Coastal Inland Total 
4-15 sq.km./year ........ 17 4 21 
15-25 , ....... 4 3 7 
25-50 ........ 2 10 12 
50-100 ........ 1 7 8 
100-170 ........ 6 6 
24 30 54 
In the river-dominated coastal areas the increase of area was 4 to 53 sq.km.jyear. The 
highest values (15-53 sq.km./year) are from areas where lakes are very numerous, as for 
instance in the following: Iijoki river basin (area V, Fig. 2, especially in its middle and upper cour-
ses, 1589 lakes, Olin 1936, representing 5.7 % of the area), Ahtava river basin (VIII, percentage 
of lakes 10.6 %), Karvianjoki river basin (VIII. the middle and upper courses resemble the lake 
area of Finland, 6.0 %), Vuoksi river basin (X, 15.2 %, many large lakes, Olin 1936), Janisjoki 
river basin (XII, 9.8 %, Olin 1936) and the Karjaan-Kiskonjoki river basin (XV, 10.2 %). 
If we do not take into consideration the coastal watercourses resembling the 
Finnish lake area, the increase of area in the river-dominated coastal area has 
varied in most cases from 4 sq.km.jyear to 12.5 sq.km.jyear. 
In the lake area of Finland the increase of area varied from 10 sq.km./year to 170 sq.km./ 
year, the smallest values being from river-like watercourses in the coastal area where there 
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are few lakes. Examples of such areas are the river basin of Viiala (IX, lake percentage 6.7), 
the river basin of Loimijoki (IX, lake percentage 3.0), the watercourse of Jamsa (X, lake 
percentage 7.4) and the very barren watercourse of Valkeala (X, lake percentage 15.4). 
The above data reveal that the rates of spreading were generally higher in 
the interior, in most cases 25 to 50 sq. km./year. The differences between the 
coastal and lake areas seem to be due to the fact that in river regions with few and 
small lakes a relatively larger proportion of the area constitutes the actual muskrat 
ecotope (Vite 1950) than in those areas where wide stretches of open water are 
virtually useless to muskrats. It is true that they sometimes swim across them, 
but the greater part of the lakes remain unoccupied. Hence, the greater the 
percentage of lakes in the watercourse, the greater is the apparent speed of 
spreading. 
In order to eliminate from the calculations those areas which do not meet the 
requirements of muskrats, the author has counted the areas less than 1.2 m deep 
and covered with aquatic vegetation (Renqvist 1932) in the water systems in 
question. The computation was made from the formula presented by Renqvist 
(op. cit.): k = 12.5-i 12' where k = the percentage of the area withaquaticvegeta-
tion and j = the lake percentage of the river basin. The values obtained are round-
ed values and give a rough indication of the area of the actual ecotope of the musk-
rats, compar:able to the area of the littoral zone covered by aquatic vegetation. 
On the basis of these values, the following entirely different values (numbers 
of observations) are obtained: 
Rate of expansion Coastal Inland Total 
0.5-1.0 sq.km./year ........ 13 3 16 
1.1-2.0 .••••• o. S 7 15 
2.1-3.0 •••••. o. 1 10 11 
3.1-6.7 ........ 2 10 12 
24 30 54 
According to this calculation, the actual range extension would be 0.5 to 6.7 
sq.km./year. Even so, the extension is more rapid in the coastal river-dominated 
water systems than in the lake areas of the interior. In most cases the increase 
varied from 0.5 to 2.0 sq.km./year on the coast, but in the interior the majority 
of observations gave values of over 2.1 sq.km./year. 
The higher speed of expansion in the lake area may be explained in the follow-
ing way: In the lake area the actual habitats of muskrats are restricted to suitable 
bays and bights rich in vegetation. In the large and medium-sized lakes, the strips 
of shore suitable for muskrats are often very limited and sparsely vegetated, 
especially if exposed to wind and waves. Limnologically they usually belong to the 
so-called dys-oligotrophic type. In such watercourses spread is rapid, because 
3 
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the animals have to wander far afield to satisfy their food requirements and 
to find a mate (d. Kalabukhov 1935: 234). According to Nikitina (1958), for 
instance, under poor food conditions the area per specimen of Apodemus agrarius 
was 2-6 times as large as when the amount of food was ample. In our barren 
water systems muskrats lead a very mobile life. In small bays, rich in vegetation, 
and in small lakes where enough food is available, the rate of population gain 
may be very rapid. If the populations become crowded, the offspring always 
have an opportunity to move to new areas. Our watercourses with their numerous 
rivers, brooks, lakes and pools are open biotopes. Spread is generally possible 
in all directions. On account of good opportunities to emigrate, the population 
increases as rapidly as the food situation permits. River banks, on the other 
hand, owing to their more homogeneous shore and aquatic vegetation, are 
capable of supporting muskrat populations for most of their length. Specimens 
spreading both upstream and downstream from the sites of release occupy the 
banks of rivers systematically. The centre of the area O,{ introduction very quickly 
becomes overpopulated. Along a river emigration can take place in two directions 
only and is thus not so effective as in lakes. The regions already occupied are 
closed to the emigrants except right at the periphery, and the river systems thus 
represent more closed biotopes than the lake-dominated watercourses. 
The small significance of the number of muskrats introduced on the speed of 
spreading is demonstrated by the following examples. In the watercourse of 
Rautalampi (area X), where altogether 208 pairs of muskrats were released, the 
rate of spreading was 127 sq.km./year. The percentage of lakes in the region is, 
however, unusually high (20.8 %) and if account is only taken of the waters near 
the shore, the rate of spreading was 5 sq.km./year, i.e. very rapid. In the area of 
Paijanne (X), however, only 6 pairs of muskrats were released, yet the respective 
rates of spreading were 130 and 5.5 sq.km./year. The rate of spreading was thus 
perhaps even more rapid in the latter case, whether reckoned per total water area 
or according to the area of the littoral zone. The number of muskrats introduced 
was likewise 6 pairs in the watercourse of Sysma (X) and the respective speeds of 
expansion were 85 and 2.8 sq.km./year. In the northern parts of the Mantyharju 
watercourse, 41 specimens were liberated, but the rates of expansion were nearly 
as great - 80 and 3.3 sq.km./year. These examples and many other similar cases 
from lakes of nearly similar dys-oligotrophic type, indicate that the numbers of 
specimens released shows no correlation with either the speed of spreading or the 
speed of emigration (p. 30). In view of this, cases in which only one pair was 
released are interesting. Such introductions were made in a total of 15 localities; 
5 of them are with certainty known to have succeeded (Taivalkoski: Saarilampi, 
1934; Suomussalmi: Kaivoslammet, 1930; Laitila: Tuulosjarvi, 1934; Mynamaki: 
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the lake of Nihattula, 1930; Nuijamaa: Kiirkijiirvi, 1935-37). Moreover, the 
observers reported the success of a further 8 introductions, but as muskrats simulta-
neously emigrated into the areas in question from elsewhere, these cases cannot 
be considered in detail here. Concerning the successful introductions of one pair 
mentioned above, the data regarding their fate are too inaccurate to permit of any 
computations. 
The author has found few data on rates of spreading in the literature. Ecke 
(1954) reports that in South Georgia the Norway rat (Rattus norvegicus) spread 
over an area of 100 sq. miles in 6 years, i.e. at a rate of 4.3 sq.km.jyear. This value 
corresponds to the highest rate of expansion of the muskrat when only the littoral 
waters are taken in account. Jakowlew and Kolesnikov (1954) established that 
the black hamster had extended its range in the district of Rostov during the last 
decade by 200 sq.km., i.e. by 20 sq.km.jyear. This is a very high rate of expan-
sion, but it corresponds well with the values obtained from Finland for muskrats if 
the entire area of the water systems is taken into consideration. 
E. The p 0 0 r sur v i val 0 f the i n t rod u c e d Vir gin ian 
muskrat 
The Virginian muskrat, or blue muskrat, O. z. macrodon (Merr.), of which about 
300 specimens were introduced into 46 localities in Finland, has not become settled 
nearly so well as the nominate race. It was introduced into all the main water 
courses except those in Lapland (I), the Tornion-Muonionjoki river basin (II), 
the waters in K uusamo (IV), the drainage areas in the northern parts of Pohj an-
maa (VII), the water systems of Uusimaa (XVI), the Ahvenanmaa Islands (XIV) 
and the Suojoki river basin (XIII, Fig. 19). 
According to data collected by the Game Research Institute, in 1944-45 
the blue muskrat was common only in the near vicinity of the sites of release 
(Fig. 19). At the outlet of the Kokemiienjoki drainage basin there was a more 
extensive continuous population ranging from the surroundings of the town of 
Kristiina, from Parkano and Ikaalinen, through Karkku and Kiikoinen to Yyteri 
and further to the north-west corner of the water systems in S. W. Finland (XV, 
to Eura, Eurajoki, Loppi, Laitila). There was a second fairly continuous area 
east of Lake Pielisj iirvi (area XI) and a third in Saimaa (XI) where it merged with 
the widespread population of the Kilpeenjoki River in the Viipuri district (XVII). 
A very heavy Virginian muskrat population existed in the latter area in the 1930's 
(Raekallio 1938). 
By 1947-48 (Fig. 20), a clear decrease in the separate ranges of the blue 
muskrat populations could be observed. The more or less continuous area at the 
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Fig. 19. The introductions oj Virginian (blue) Fig. 20. The distribution oj blue muskrats in 
muskrats and their distribution up to the end 1948. 
oj the year 1945. 
outlet of the Kokemaenjoki drainage area had been reduced to the area of Ahlai-
nen-Noormarkku-Yyteri. The population east of Lake Pielisjarvi had dis-
appeared. Only in the Saimaa district had the area occupied by the blue muskrat 
remained nearly as large as before. 
From many localities of introduction the blue muskrats had totally disappeared 
or become mixed with the expanding brown populations. Crossing experiments 
(Smith 1938, Dozier 1948 a) have shown that the dark colour is a recessive char-
acter. In the fur trade, it is known that in regions where blue muskrats have been 
introduced, the quality of the pelt of brown (common) muskrats is better than in 
areas where the animals are of pure brown muskrat descent (d. also Voipio 1948, 
1950: 119-120). 
Data obtained by the Game Research Institute concerning the distribution of 
blue muskrats in Finland indicate that a further reduction of their range occurred 
in the years 1950-53 (Fig. 21). In the Saimaa district the distributional area 
remained almost unchanged, but everywhere else the populations receded or even 
totally disappeared. 
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Fig. 21. The distribution of blue musk-
rats in 1953. 
III. EXTERNAL FACTORS AFFECTING ACCLIMATIZATION 
A. C lim ate 
The muskrats introduced into Finland are either descendants of specimens 
from the northern parts of the range of the nominate race or of Central European 
muskrats of the same origin (p. 10). The Great Lakes area of North America is an 
excellent environment for the muskrats, and from this area the best pelts on the 
world marked are obtained (Hamilton 1939: 376, Gashwiler 1948). 
According to Koppen's classification of climate (Koppen 1931: 127, Connor 1938: 
376) the central and northern parts of the range of the nominate race in America 
falls within the area of the climatic zone of humid-cold winters (Df). A boundary 
which coincides with the northern shore of the Great Lakes divides this climatic 
region into two types, a northern type (Dfc, the birch climate), where temperatures 
of over 100 C last for 1-4 months and where the mean temperature of the coldest 
month is over _380 C, and a southern type (Dfb, the oak climate), where the 
mean temperature of the warmest month is below +220 C but for at least four 
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months the temperature is over + 10° C. The central parts of the range of the 
nominate race are in the latter region and in the zone with a temperate climate 
(Cf). 
Finland possesses, for the most part, the same type of climate as the northern-
most parts of the area of the nominate race, namely the Dfc-type. Only the south-
west corner of Finland and the Ahvenanmaa archipelago belong to the Dfb-type. 
The main range of the Virginian or blue muskrats in their native country, on the 
other hand, is situated in an area with quite a different type of climate (Cf) such 
as prevails in Central Europe but does not occur in Finland at all. 
In the follo'fing a comparison is made between the temperature conditions 
of certain parts of the native area of the nominate race (according to Ward & 
Brooks 1936, Connor 1938), and Finnish observational stations (Keranen 1946) 
where the annual mean temperature is about the same. 
The very similar course of the temperature curves in the different months of 
the year can be observed from Figures 22-25. In the Finnish observation sta-
tions the temperature seems to be a little lower in the summer and a little higher 
in the winters. 
In the native area of the blue muskrats (Fig. 26) the temperature is cons is-
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Fig. 27. Temperature and relative humidity in different months of the year in Vaasa, where the 
annual mean temperature is 3.3" C and average relative humidity 82 %. and in Port Arthur, 
where the corresponding values are 2.30 C and 83 %. 
Fig. 28. Temperature and relative humidity in different months of the year in ] oensuu (Niittylahti), 
where the annual mean temperature is 2.40 C and average relative humidity 78 %, and in Frederic-
ton, where the corresponding values are 4.70 C and 74 %. 
Fig. 29. Temperature and relative humidity in different months of the year in Maarianhamina, 
where the annual mean temperature is 5.10 C and average relative humidity 83 %, and in Washing-
ton, where the corresponding values are 12.6° C and 56 %. 
tently higher than the temperature of the Finnish locality (Maarianhamina) where 
the annual mean is highest. 
In Ohio, from where the muskrats were imported to Central Europe, the annual mean 
temperature on the shore of Lake Erie is clearly higher (9,6° C) than in any Finnish observa-
tion station but corresponds well with the values for certain European stations (e.g. in the 
Prague area, Czechoslovakia, one of the sites of release, the annual mean is 9.2° C, Alt 1932). 
The climographs of temperature and humidity of the original range of the 
nominate race are very similar to those of this country (according to the Meteoro-
logical Office). The climographs of Vaasa and Port Arthur (Fig. 27), for instance, 
overlap to a substantial degree. In midsummer, however, Vaasa is cooler and 
drier than Port Arthnr, whereas in midwinter Port Arthur is consistently colder. 
Great similarity is also shown by the climographs of Joensuu and Fredericton 
(Fig. 28). In the former, however, the autumns and winters are clearly more humid 
than in the latter. 
In the climograph for a native locality of blue muskrats (Washington D.C.) 
the humidity and temperature values do not correspond at all to the values for 
Maarinahamina (Fig. 29). 
Some of the climographs based on temperature and precipitation values from 
the native range and from Finnish observational areas (Korhonen 1952) show cons-
picuous differences. The annual precipitation is heavier in the region of the Great 
Lakes than in Finland (about 750 versus 620 mm., the latter refers to the southern 
and central parts of Finland, in North Finland the corresponding value is 520 mm.). 
The climographs of SodankyHi and Moose Factory correspond well with each other 
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Fig. 30. Temperature and precipitation in 
different months of the year in Sodankylii, 
where the annual mean temperature is 
_1.2° e and annual precipitation 520mm., 
and in Moose Factory, where the corres-
ponding values are _1.0° e and 520 mm. 
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Fig. 31. Temperature and precipitation in 
different months of the year in ] oensuu 
(Niittylahti), where the annual mean tem-
perature is 2.4" e and annual precipitation 
585 mm., and in Port Arthur, where the cor-
responding valuesare 2.3° e and 595 mm. 
(Fig. 30), whilst in Port Arthur the late summer and winter are more rainy than 
in Joensuu (Fig. 31), and in Heron Bay the winter and summer are wetter than, 
for instance, in the town of Kajaani (Fig. 32). The winter is also somewhat colder 
in the American station. 
In Finland the south-west corner of the country is characterized by relatively 
warm summers and mild winters, and the humidity is relatively high. A compari-
son of the climographs for temperature and humidity of a native locality of the 
blue muskrat, Richmond (Va), with the corresponding values for Maarian-
hamina, S.W. Finland, shows that these localities are entirely different (Fig. 33). 
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Fig. 32. Temperature and precipitation in 
different months of the year in Kajaani, 
where the annual mean temperature is 1.3°e 
and annual precipitation 627 mm., and in 
Heron Bay, where the corresponding values 
are 2.2° e and 616 mm. 
Fig. 33. Temperature and precipitation in 
different months of the year in M aarianha-
mina, where he annual mean temperature is 
5.1° e and annual precipitation 558 mm., 
and in Richmond, where the corresponding 
values are 14.3 ° e and 1067 mm. 
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The great similarity between the climates in this country and in the native 
area of the nominate race in the northern parts of North Americ a is one of the 
fundamental reasons for the success that has attended the intro duction of this 
race into Finland. On the other hand, the poorer survival of the V irginian musk-
rats is understandable, because the native area of this race is situ at ed in a climatic 
region differing in many respects. 
B. V a ria t ion sin w ate r - 1 eve 1 
In the North American area of the nominate race, the precipitation changes 
considerably in the direction from east to west. In Toronto, for instance, annual 
precipitation is 808 mm. and in Port Arthur only 593 mm. Their amounts are 
perhaps not so important as such, but the fact that they are distributed equally 
over the different seasons is relevant in this connection, because great floods and 
long periods of drought are avoided. Hundreds of thousands of muskrats were 
drowned in the spring of 1927, for instance, when the Mississippi flooded to the 
muskrat regions in Louisiana (Hodgson 1927, d. also Errington 1937 a, 1939 a, 
1940). It has been established that muskrats thrive best in watercourses where 
the variation in the water-level is small (e.g. Smith 1938, Bellrose & Brown 1941, 
Bellrose & Low 1943, Gashwiler 1948, Bednarik 1956, etc.). 
The rate of discharge of rivers in Finland generally decreases during the first three months 
of the year and is annually at a minimum before the melting of the snow, but the water-
level then continues to rise until June. An abrupt reduction then begins and continues till 
October (in North Finland to September), but the autumn rains then cause a rise of the water-
level. Yet it does not reach the spring maximum and in November the slow fall typical of the 
winter period begins again. 
In those areas where the percentage of lakes is comparatively high, the spring flood is 
delayed and the yearly variations are not so great. Thus the difference between mean high 
and mean low water is only about 0.7 -1.0 m. In districts with few lakes (in coastal areas) 
the spring and autumn floods are noticeably higher (Renqvist 1952). 
The annual variations of the water-level and other hydrographic conditions 
in our watercourses, and particularly in the entire lake district of the interior are 
very similar to those in the native areas of the muskrat. As the normal annual 
fluctuations in the water-level of the Finnish watercourses are usually small and 
slow, they do not present any threat to the survival of muskrats. This is seen 
from the fact that the introduced animals became established both in the water-
courses of Pohjanmaa, where widespread annual flooding is the rule, and in the 
lake district where the autumn and spring floods are considerably less extensive. 
The effect of the fluctuation of the water-level upon the muskrats can also be 
studied in certain coastal areas of Finland. Tidal changes of the water-level are 
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negligible (d. e.g. Jurva 1952), but there are annual changes caused by other 
factors. The following regular changes can be observed: Twice a year (at the end 
of December and beginning of January and in August and September) there is 
high water; low water prevails in May and throughout the autumn. At the 
heads of the Gulf of Finland and the Gulf of Bothnia the greatest deviations from 
the mean water-level may amount to as much as 1.5 m (Jurva 1952). Since in 
these regions the coast is very unfavourable to the muskrats (wide, shallow waters 
along the shore, hard bottom, littoral zone extending by as much as one kilometre 
from the coast line, paucity of aquatic vegetation), such variations have a very 
adverse effect on the muskrat populations, particularly because they may occur 
in the course of some hours. The shallow waters in question are liable to freeze 
hard and, because there is no protecting archipelago, are also exposed to storms 
and surf. 
For these reasons the areas in question are not suitable localities for muskrats 
(d. pp. 14-17). The coastal areas at the heads of the Gulf of Finland and the 
Gulf of Bothnia have proved effective barriers to the spread of the animals. It 
has not been possible to detect any emigration along these coasts. From the other 
coastal areas, on the contrary, there are many observations of emigrations taking 
place along the seashore (pp.23-24). 
C Biotopes and food 
1. Occurrence 01 muskrats in watercourses 01 dilferent types 
The wide range of the muskrat and its racial differentiation are good indica~ 
tions of its ecological adaptability. Muskrats have been established virtually to 
live: »From beaver pools in mountain streams to desert waterholes, glacial marshes 
to irrigation seepages, river bayous to brooks, ditches and lakes ... » (Errington 
1951: 274) and »It finds optimum living conditions in places where heavy growths 
of herbaceous vegetation occur in close proximity to still or sluggish water that 
fluctuates neither suddenly nor greatly in depth» (Errington 1939 a: 168-169). 
In spite of the great adaptability of the muskrat to the most varied water-
courses, its success is often determined by certain environmental factors. 
a. Plant productivity 
According to American investigators, lakes and ponds form one of the main 
biotopes of the muskrat. During the years 1946-49, the present author made an 
estimate, based on winter houses, den burrows and other signs (see Lay 1945, 
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Table 1. The numbers of muskrats in eutrophic and dys-eutrophic lakes in the Kokemiienjoki drainage 
basin. 
No. Commune, lake 
I 
1. Kangasala, Kirkkojarvi . . . . .. 165 2.0 
2. » Ahulinjarvi ...... 48 2.0 
3. » Sakkiilanjarvi .... 26 1.0 
4. * Kylajarvi . . . . . . . . 11 1.5 
5. ,) Nuorronjarvi. . . . 20 2.5 
6. » Heposelka. . .. . . .. 210 5.0 
7. » Raikkujarvi . . . . . . 35 3.0 
8. » Taivallampi . . . . . . 16 1.0 
9. ,) Ihari .. . . . . . . . . . . 17 0.5 
10. Kuhmalahti, Puntarinlahti .. 75 1.5 
11. » Tervajarvi .... 1 74 1.0 
12. Lammi, Lovojarvi .......... I 6 7.0 
13. » Lampellonjarvi ...... 1 7 3.0 
14. Suodenniemi, Valkeajarvi .... 1 10 3.0 
15. ,) Kirkkojarvi .... I 71 3.5 
16. ') Koivuniemenj ... i 46 1.0 
17. Mouhijarvi, Mouhijarvi ...... 1 692 3.9 
18. Kiikoinen, Kuorsumaanj ..... 11 252 1.5 
19. ') Marjajarvi. . . . . . •. 311 0.5 
20. » Kiikoisjarvi(N.part)1 168 3.5 
21. Ikaalinen, Sarkkilanjarvi .... 1 23 2.0 
22. Tyrvaa, Liekovesi .......... 1 448 4.0 
1
23. Kauvatsa, Puurijarvi ........ [ 445 0.5 
24. II Urjala, Kivijarvi .......... ;. :32:~ : ~:: I 
I 
Aquatic 
vegetation 
No. of winter houses 
'and/or den burrows 
::! ~~:: ~~:~ ;! ~~ ;~ I;~ ~:i ~:i 
2.3 11.2 43.1 11 14 8 11 1.0 4.9 
1.3 4.8 47.2 5 6 5 5 1.1 4.1 
1.9 7.2 37.5 12 13 7 11 1.5 5.6 
13.3 49.0 23.3 30 32 48 37 0.7 2.8 
3.6 3.7 10.1 2 3 2 2 0.6 0.6 
1.7 15.6 100.0 34 25 30 30 1.9 17.5 
3.3 15.6 91.8 10 9 5 8 0.5 2.4 
5.6 15.0 20.0 20 22 27 23 1.5 4.1 
5.0 54.0 73.2 28 21 26 25 0.5 5.0 
1.5 1.5 25.9 3 2 2 2 0.9 1.5 
1.4 2.0 29.8 4 1 3 3 1.4 1.2 
l.5 1.1 11.0 1 1 2 1 1.2 0.9 
6.4 12.3 17.4 9 10 15 11 0.9 l.8 
4.5 32.4 71.2 18 19 13 17 0.5 3.7 
22.0 76.0 11.0 30 45 49 41 0.5 1.9 
7.7 66.5 26.5 115 120 145 127 l.9 16.5 
8.5 311.0 100.0 80 45 15 47 0.2 5.5 
7.4 20.7 12.3 40 42 27 36 l.8 4.9 
2.6 7.2 31.0 6 8 4 6 0.6 2.3 
16.5 95.0 21.2 250 I 258 150 219 2.3 13.3 
13.0 445.0 100.0 125 275 243 214 I 0.5 16.5 
4.41 21.61 29.41 251 50 I 281 341 1.6 1 7.8 
1471 13071 40.219071106019021956 1 0.71 6.5 
Dozier 1948 b, Artimo 1949, 1952, Bellrose 1950) in the region of the Kokemaen-
joki basin, of the numbers of muskrats in 48 lakes of different types (sensu Jarne-
felt 1952). 
Of the lakes investigated 24 were eutrophic and dys-eutrophic lakes (Table 1) 
with a total area of 3250 hectares. The aquatic vegetation was rich in species 
and its growth luxuriant. Approximately 40.2 % of the water area was foune). to 
be covered with aquatic vegetation. By this the author means the zone extending 
from the shore line to the outer limit of the farthest hydrophytes and the floating 
vegetation. The submerged aquatic plants possibly present outside the area 
were not taken into consideration. However, since the r(:,one of vegetation most 
frequently extends to depths of 1-1.5 m. (see p. 33) the area calculated in this way 
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Table 2. The numbers of muskrats in dystrophic lakes in the Kokemiienjoki drainage basin. 
<Ii 
.0 
No. Commune, lake ell 
<I.) 
I-< 
< 
I I 
25. Kiikka, Kivijarvi ............ 30.0 
26. » Tyriseva ............ 47.0 
27. Kauvatsa, Lievijarvi ........ 138.0 
28. Ikaalinen, Kotkatjarvi ...... 3.0 
29. » Teejarvi .......... 14.0 
30. Parkano, Perajarvi .......... 24.0 
31. » Pitkajarvi ........ 7.4 
132. Kangasala, Linnajarvi ...... 45.6 
33. » Koskijarvi ...... 7.4 
34. » Vahajarvi ...... 5.2 
35. Loppi, Pitkalampi .......... 4.4 
36. Lammi, Saarisjarvi .......... 12.5 
37. » Sarkijarvi .......... 1.8 
38. » I so-Mustajarvi ...... 2.9 
39. » Kaitalampi ........ 2.3 
40. » Hautajarvi ........ 7.5 
j L'I 353 1 
.0 ..., 
0, 
<I.) 
'0 
<I.) 
be 
ell 
l-< 
<I.) 
> 
< 
4.0 
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2.0 
3.5 
4.0 
7.0 
2.5 
3.0 
3.0 
5.0 
2.0 
3.0 
2.0 
6·0 
3.21 
I~ 
1.0 I': S o.l4 
.0 
1 
..., 
be 
Q 
Q) 
~ 
3.61 
Aquatic 
vegetation 
- .---~~ 
ell <Ii <I.) 
.0 ... 
ell 
ell 
Q) 
I 
'+< ... 0 
< ;,;: 
, 
26.0 
I 
7.81 
4.51 6.2 i 13.2 
10.8 46.7 J 33.8 
1.0 2.7 76.7 
2.9 2.9 20.6 
3.5 7.8 32.1 
2.4 1.4 18.9 
5.0 
4.51 
9.9 
1.41 
3.0 40.5 
1.0 0.5 9.0 
1.2 0.6 13.6 
2.0 I 1.8 14.4 0.4 0.4 20.8 
0.9 0.5 17.2 
0.8
1 
0.8 34.8 
1.2 I 1.2 16.01 
431 891 25.21 
No. of winter houses 
and/or den burrows 
----~.--------
I i S t- oo '" .0 'S.l4 ..;< ..;< ..;< <I.) .~ ~ 
'" '" '" be .o~ ell ..., 0 ...... ...... ::::'.. eIl·~ --- --- ... 
..., .~ 
~ t- oo Q) ~..., be-
..;< ..;< ..;< > 0< ell Q do 
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Q) 
> if; 
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1 
2 2 2.3 0.3 
I 
0.6 
21 3 2 2.3 0.4 0.5 
2! I 
25 20 22.0 0.5 i 2.0 2 2 2.3 0.9 
I 
2.3 
;1 3 2 2.7 0.9 0.9 3 2 2.3 0.3 ! 0.7 
01 
~I 
0 0 0 I 0 
~I 
3 3.3 0.7 0.7 
11 
2 2.3 0.8 1.6 
0 0 0 0 
rl 
0 0 0 0 
I 
1 1.0 0.6 0.5 
II 0 0.3 0.8 0.8 
~I ~I 
0 0 0 0 
1 1 1.9 1.5 
1 1 0.8 0.8 
421 49138143 1 0.5 1 1.0 
will correspond to the actual habitat of the muskrats (d. p. 33). In the eutrophic 
and dys-eutrophic lakes investigated, the region comprised a total of 1307 ha. 
In the eutrophic lakes the population density was highest. In these, 0.2-2.3 
(average 0.7) houses were found per hectare of aquatic vegetation. It is to this 
type of vegetation that the North American »muskrat marshes and swamps» 
belong and they may be said to correspond to our shallow eutrophic lakes nearly 
filled up with vegetation (oral information by J. Koskimies, Assistant Professor 
of Zoology). There such biotopes provide the best habitats for muskrats. Korven-
kontio (1925: 23) and Bachrach (1930: 109) report that, according to the biological 
survey of muskrats carried out by the U.S. Departement of Agriculture, 500 acres 
of good natural muskrat marsh yields about 2500 pelts, or 5 pelts per 0.4 hectare, 
annually. Hewitt reports (according to Trippensee 1953: 133). that an average 
of 7 muskrats per acre have been trapped on a 1.200-acre marsh in western 
Ontario, and states that a good marsh should yield 6 to 8 rats per acre (0.4 ha.) 
annually 
The number of dystrophic lakes investigated amounted to 16 (Table 2). They 
were mostly smaller than the eutrophic or dys-eutrophic lakes and their total 
1 
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Table 3. The numbers of muskrats in oligotrophic lakes in the Kokemiienjoki drainage basin . 
No. Commune, lake 
. I" I Aquatic No. of winter houses 
S i ~ vegetation , and/or den burrows 
t I j ~-I-ro----~ -I ~ I ;r-.,-l-~-; 
!I~~ ~I ~ ~ ~1~I~i~jl~~ 
~ ~ ~ ; I ~ ~ I' ~ 1'1 ~ I' Z!I' ~1 < a;J 1""""1 I""""'i I""""l a; ~
~ :> i 00 
41.[ Loppi, Salmijarvi ............ 1 24.0 \4.51 3.61 3.0 
42. » Ka1attomanlammet " 12.4 5.01 2.71 0.5 
43. Ka1vo1a, Lunkinjarvi ........ 125.0 3.5 7.8 7.8 
44. Kuhma1ahti, Pentojarvi . . .. . . 34.4 3.0 5.3 2.1 
45. Lammi, Huhmari .......... 1.6 5.0 'I 0.4 'I 0.1 
46. » V a1kea-Mustaj arvi .. 13.2 3.0 2.1 2.2 
47. » Syrjana1unen ...... " 0.9 3.0 0.6 'I 0.1 
48. Kuorevesi, Herajarvi ........ 7.0 3.5 1.2, 0.1 
I 1: 1218,51 3,81 23.6115.81 
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area was 353 hectares. The area covered by aquatic vegetation was relatively 
smaller, on an average only 25.2 % of the total w~ter area, comprising 89 ha. 
The population density of muskrats was 0-1.9 (average 0.5) houses per hectare 
of aquatic vegetation. The reason for the lower population density was obviously 
the lower plant productivity. In many dystrophic lakes muskrats evidently 
thrive and the population densities may be as high as in the eutrophic lakes (for 
instance Kotkatjarvi 0.9, Teejarvi 0.9, Linnajarvi 0.7, Koskijarvi 0.9). On the 
shallow shores of the lakes in question the aquatic vegetation may even become 
fairly luxuriant. The 4 dystrophic lakes investigated (Pitkajarvi, Vahajarvi, 
Pitkalampi and Iso-Mustajarvi) were, however, totally devoid of muskrats. In 
these typical woodland lakes the aquatic vegetation was rather sparse. 
From North America there are no reports of the occurrence of the nominate 
race in dystrophic lakes, although these are evidently the prevailing type of lake 
in the northern parts of its range. Concerning the race O.z. spatulatus (Osgood), 
however, Osgood (1901: 66) points out that in Alaska it is »rather common about 
small ponds in the peat bogs near Tyonek.» 
There were only 8 oligotrophic types among the lakes investigated (Table 3), 
for lakes of this type are very rare in the Kokemaenjoki drainage basin. The total 
area of these lakes was 219 ha., and the area of the aquatic vegetation was only 
16 ha. i.e. 7.2 % of the total area of the lakes. 
Muskrats were observed in only one of these oligotrophic lakes. They are so 
poor in vegetation that they cannot generally support a muskrat population 
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Fig. 34. The regional distribution of lake 
types. - 1 = oligotrophic, 2 = eutrop-
hic and dys-eutrophic, 3 = dystrophic. 
According to J arnefell 1952. 
throughout the year. Signs of the temporary presence of muskrats were noted in 
autumn, but overwintering has never been observed. 
Concerning the ability of the nominate race to succeed in oligotrophic water-
courses, the author has found no data in the American literature. Of the race 
O.z. osoyoosensis (Lord) Dalquest (1948: 361) mentions that it occurs: )in contrast 
to the marsh-occupying muskrats, along the open, marshfree shores of the lake in 
deep clear water where waves lap the shore. These muskrats live exclusively in 
burrows dug in the banks and feed upon freshwater mussels.) The races living in 
northern parts and mountains have also become adapted to life above the tree 
zone even in lakes and pools of the tundra regions (d. Osgood 1900, Borel & Ellis 
1934, Porshild 1945, etc.). Such watercourses are often of oligotrophic type. 
In Finland the most productive watercourses which offer the best conditions 
for muskrats, prevail in S. and S.W. Finland (see Fig. 34). Elsewhere dystrophic 
types are characteristic up to the Arctic Circle; still further north the oligotrophic 
watercourses predominate. Oligotrophic lakes occur, in addition, here and there 
in esker country and in rocky areas in various regions. In Lapland, where such 
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Fig 35. The ratio of agricultural and of so-cal-
led public areas in % of the area in different 
water-system areas (black circles according to 
Ilvessalo 1929: 86). The numbers indicate the 
average muskrat catches per sq .km. covered by 
aquatic vegetation in 1946~52. 
18 ('. 
lakes predominate, the introduced muskrats have not become established (Enon-
teki6, Inari). Not until recently have they extended their range as far north as 
Muonio (p. 28). The northern limit of the permanent range of the muskrat in 
Finland (d. Figs. 17 and 34) approximately coincides with the zone where the pro-
portion of dystrophic lakes decreases in favour of oligotrophic ones. 
The productivity of a watercourse is closely depended on the environment. 
In the watercourses affected by cultivation and settlement, the aquatic plant 
productivity is comparatively high. This depends both on the fact that the settlers 
choose the most fertile land in the first place, and that their agricultural and 
other activities have a fertilizing effect. Thus the highest densities of muskrat 
populations are reached in the eutrophic watercourses situated in the regions 
where intensive cultivation is practised. The highest catches are, of course, also 
made in these areas (Fig. 35). 
It was already established (pp. 28-29) that the rate of expansion ofthe musk-
rat populations was clearly higher in South than in North Finland. One of the 
reasons for this is very likely the better food supply in the eutrophic watercourses 
of the southern parts of the country. In the northern water systems of low pro-
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ductivity, shortage of food obviously prevented the increase of the muskrat po-
pulations and thus slowed down the rate of their expansion. 
b. Depth 
It has been established above that the ecotope of muskrats is the more or less 
narrow, shallow shore zone. Both the area of the vegetation and the numbers of 
muskrats depend on its extent. In shallow lakes the area covered by plants is 
generally relatively larger than in deep ones. The eutrophic lakes investigated 
(Table 1) were mostly shallow (medium depth 2.3 m.), the dystrophic ones (Table 
2) deeper (3.2 m.) and the oligotrophic ones (Table 3) deepest (3.8 m.). When 
the number of muskrat houses relative to the length of the shore-line was com-
puted, the highest values were obtained for the lakes where the littoral zone was 
widest. Examples among the eutrophic lakes (Table 1) examined were Taival-
lampi (with 17.5 houses/km. of shore-line) , Kuorsumaanjarvi (16.5/km.), Puurijarvi 
(16.5/km.) and Liekovesi (13.3/km.). In the other eutrophic lakes the number of 
houses was 0.9 to 7.8 houses/km. (mean 6.5). In dystrophic lakes (Table 2) the values 
were decidedly lower, 0 to 2.3/km. and in oligotrophic ones still lower (Table 3). 
Even in dystrophic lakes the highest values occurred in the shallower lakes: in 
Lievijarvi (2.0/km.) and Kotkatjarvi (2.3/km.). 
Among the eutrophic lakes investigated, however, there were some in which 
the density of muskrats was very small in relation to the area of the vegetation. 
In these watercourses (Ihari, Tervajarvi, Koivuniemenjarvi, Marjajarvi, Puuri-
jarvi) the mean depth was also smallest of all. They were evidently too shallow. 
During severe winters, especially, they froze to the bottom and the survival of the 
muskrats was threatened (d. Aldous 1947, Bellrose 1950). It is for this reason 
that in Finland such shallow, drained lakes or bays are generally not especially 
favoured by muskrats in spite of the ample supply of food. 
An example of such a lake is Marjajarvi in Kiikoinen (No. 19, Table 1). The area of this 
lake, which was in process of being drained, was 311 ha. and the maximum depth about 1 m. 
(1945). The vegetation (Scirpus, Typha, Phragmites, Equisetum, etc.) was very dense and 
luxuriant. In the winter of 1945/46 there were 35 muskrat houses, in 1946/47 80 in 1947/48 
45 and in 1948/49 only 15. By October 1950 the muskrats had evidently abandoned the lake, 
which was drained nearly dry. 
In the dys-eutrophic lake Puurijarvi in Kauvatsa (No. 23, Table 1) the depth and aquatic 
vegetation are similar (d. Kalela 1938), but there is a permanent current of water along the 
floatway. The lake has at all times supported a large muskrat population. In the winter of 
1946/47 there were 125 houses, in 1947/48 275 and in 1948/49 243. In October 1950 there were 
190 houses. The density of muskrats is not so high, however, as is usual in eutrophic lakes. 
It is only 0.5 per hectare, or the same as the average for dystrophic lakes. In this shallow lake 
the muskrats are obviously very sensitive to the relatively small variations of the water level 
and therefore the fluctuations in popUlation densities in different years are very great. Similar 
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cases are known from North America, where it has been found that effective ditching of a 
productive muskrat marsh for mosquito control is definitely injurious (Stearns, McCreary & 
Daigh 1939, 1940). 
Muskrats also readily established themselves in small pools and arhfical ponds, 
which are usually shallow and have luxuriant vegetation. Thus, for instance, 
the stretches of water, rich in vegetation, which have become cut off from the 
River Vantaa in the district of Riihimaki have proved to be very productive habi-
tats of muskrats. Although the aquatic vegetation of these pools is plentiful enough 
to guarantee food throl!ghout the year, muskrats move from them back to the 
river itself in autumn, obviously because these localities without water currents 
may become frozen throughout (d. Errington 1937 d, Hamerstrom & Blake 1939). 
As in the native country of the muskrat (e.g. Lantz 1926, Anthony 1935, 
Grenwelll948, Odum 1949), fish culture ponds have proved to be suitable localities 
in Finland also. They often have a luxuriant vegetation and the water level is 
kept nearly stable. The amount of water is also so ample that the ponds cannot 
freeze to the bottom in winter. For instance, muskrats have continuously occupied the 
ponds of the Porla Fish Cultivation Station, where they settled immediately after 
their arrival at Lohjanjarvi in 1932 (e.g. Hakola 1931, Valli 1931, Brofeldt 1934). 
Muskrats have often colonized the shallow, richly vegetated ponds forming in 
clay-pits or mud-pits. In Ilmajoki Commune in Pohjanmaa they usually live in 
such biotopes and thrive in them better than in the nearby ri ver, to which, however, 
they retreat for the winter when the shallow ponds freeze to the bottom (1. Lahti, 
M. Rintala, GRI). Similar observations were reported by A. Forsell (GRI) from 
Toijala. Karpukhin (1958) reports that in the region of the River Kolyma in 
Siberia, muskrats are destroyed in the shallow lakes in winter. In such lakes they 
generally move further from the shore and construct their winter houses direct 
on the ice. 
In deep lakes with steep shores the littoral zone and the area covered by vege-
tation are very narrow. Thus in the eutrophic Raikkujarvi (No.7, Table 1) the 
population density remained small (0.6 houses/km.) and for the same reason in 
Lake Valkeajiirvi (No. 14) the numbers were very low (0.9). The absence of musk-
rats from four dystrophic lakes (Nos. 31, 34, 35, 38, Table 2) can probably be ex-
plained in the same way. 
c. Nature of the shores 
Muskrats dig their bank leads and den burrows in the banks of shores. The 
structure of the bank must thus, on the whole, be such as to permit digging. Rocky 
and stony banks, and even banks of pure sand are unsuitable for digging and there-
fore not well fitted to harbour muskrats. 
4 
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Only if the population density is very high can the muskrats live in small holes dug under 
littoral stones on stony shores, such as were described by Korvenkontio from the islands of 
Langelmavesi (ef. p. 19). No similar observations have been made latterly (oral statement of 
the game warden, O. Heino) nor has the author been able to observe any such dens in the region 
in question. 
The low population density in certain lakes examined by the author obviously 
has the same cause. Thus the population density in the eutrophic Lake Raikku-
jarvi, with its steep and narrow shores, was very low (0.6/km. of the shore-line 
and 0.6/hectare area covered by aquatic vegetation). The entire southern shore 
of the lake (half the shore-line) is rocky and gravelly and there are no muskrats 
there. The situation is similar in Valkeajarvi (0.9/km.), and Mouhijarvi (1.9/km.), 
both with parts of the shores obviously uninhabitable. In the dystrophic lakes 
Pitkajarvi, Vahajarvi, Pitkalampi and Iso-Mustajarvi (Table 2) the reason for the 
absence of muskrats is, besides the narrowness of the littoral zone, the wide and 
quaking peat shores, which are hardly suitable for burrows. It is also obvious 
that the quality of the shore is responsible for the paucity of muskrats in many 
dystrophic iniand watercourses and also in certain areas of the sea coast~(p. 42). 
When the enthusiasm for muskrats was at its peak in Finland, great hopes 
were fixed on the idea that the numerous marshes would become a true »muskrat 
Eldorado» (e.g. Korvenkontio 1925: 32, 134'-:135). But these hopes were dashed. 
On quaking bogs and on peat mosses adequate food is, no doubt, available 
(Equisetum, Scirpus, Phragmites, Glyceria, Carex, Menyanthes, Nuphar, Nym-
phaea, etc.). Their shallowness and the fact that they freeze deep rule ou t the 
majority of them as habitats for muskrats. The absence of muskrats even from 
deep quaking bog-like and peaty ponds indicates that in such cases the nature of 
the shore is the decisive factor. The quaking peat shores of bog ponds are not 
suitable for burrows, although peat soil, as such, is not unsuitable for burrowing 
in. In connection with the draining of swamps, new habitats have been found 
for muskrats which they have readily adopted In the North American literature. 
the author has not found any reports on the occurrence of muskrats in peat-bogs 
The scarcity of the muskrat populations in oligotrophic lakes (Table 3) depends 
not only on the low productivity of the vegetation, but also on the structure of 
the shores, which are hard and unsuitable for digging (sandy, gravelly, rocky or 
stony). 
In ditches made for the purpose of drainage, muskrats settle down very readily. 
In Pohjanmaa muskrats have rapidly occupied such biotopes. Trenches dug in 
connection with the drainage of bogs have likewise been occupied by muskrats, 
which can easily burrow in their banks. Such cases are known from the Pe1so 
and Konnunsuo bogs where good muskrat catches are made yearly. As soon 
as the ditch between Lehijarvi and Vanajavesi was completed muskrats took 
External factors affecting acclimatization 51 
possession of it at once. (Oral information of the farmer, J. Savolainen.) The 
North-American muskrat marshes are improved by ditching, which leads to a 
remarkable increase in the numbers of muskrats. Unproductive marsh areas have 
thus been converted into very productive muskrat areas (e.g. Arthur 1928, Hamer-
strom & Blake 1939, Stearns, MacCreary & Daigh 1940, Hewitt 1942, Lay & 
O'Neil 1942, Yeager 1943, Lay 1945, Anderson 1948, Errington 1948, Gash-
wiler 1948, Mathiak 1952). In addition to the stabilizing of the water-level and the 
improved plant productivity (e.g. Anderson 1948) the better possibilities for 
digging have also been important in producing this result. 
d. Currents 
Rivers form the second main biotope of muskrats. Enders (1932: 21) writes: 
»The habitats of the muskrat in Ohio may be divided roughly in two types: marsh 
or swamp habitats and stream habitats. There is no accurate method available 
which would permit an estimate of the relative number of animals in each habitat, 
but it is the opinion of the writer that the numbers in Ohio are approximately 
equal. The concentration in marshes is more noticeable but the larger area of 
stream banks, as compared with marshes, equalizes the numbers.» 
The situation is similar in Finland, too. The abundance of vegetation and the 
nature of the shore affect the muskrats in rivers in the same way as in lakes. In 
Lapland the muskrats live almost solely in rivers. The lakes there (at least most 
of them) are much too barren to provide a suitable habitat. In other parts of the 
country the densities of the muskrat populations are almost equal in river and lake 
districts (Artimo 1949, Map 10). As the current hinders the very deep freezing 
of the water and keeps it open even when the lakes are frozen, the unfavourable 
season for feeding becomes shorter than in lakes and ponds. The author has also 
observed that in the Kokemaenjoki drainage basin the muskrats in certain lakes 
(in Suodenniemi: Kirkkojarvi, Koivuniemenjarvi) move to the mouths of rivers, 
where the water remains open for longer. 
e. Other factors 
In their native country muskrats have been observed to do best in rather 
small lakes and ponds (e.g. Merriam 1884, Johnson 1925, GashwilerI948). The 
same is true in Finland (see above p. 49). Here exposure and erosion (wind, 
swell, erosion caused by ice) can do less damage to the aquatic vegetation 
(Vaarama 1938: 232). Maristo (1941: 253-262) reports that the effect of these 
factors upon the aquatic vegetation is directly correlated with the area of open 
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lake water (i.e. without islands). In the medium-sized and large lakes the aquatic 
vegetation is always best developed in sheltered bays. The occurrence of muskrats 
is often restricted to these localities, which represent only a small proportion of the 
lakes in question (p. 33). In such localities their houses among the vegetation are 
less susceptible to the destructive effects of wind and swell. 
It has not been verified that the salt content of the water has any direct 
effect on the occurrence of muskrats. Although the main ranges of most muskrat 
races are situated in regions of inland watercourses, certain races are adapted to 
brackish waters on the coasts of oceans (O.z. rivalicius, Arthur 1928, Lay & O'Neil 
1942, Lay 1945 a; O.z. macrodon, Smith 1938, Dozier 1947; O. z. osoyoosensis, 
Dalquest 1948). The nominate race thrives in brackish waters, too. Thus 
McNamara (1949) states that in New Jersey muskrats live on tidal marshes 
situated 2-4 feet above sea-level and that muskrat trapping is very important 
source of livelihood there. It has been established, however, that a high salt con-
tent is deleterious to muskrats because of its adverse effect on the food plants 
(Lay 1945 a, Lay & O'Neil 1942, Dozier 1947). In Finland muskrats are common 
all round the coasts, including the Ahvenanmaa Islands, where the salt content 
of Finnish waters is highest (about 6 %0)' 
According to Dailey (1927), industrial pollution can be injurious to muskrats. 
Hoffmann (1958: 66-67) has reported some cases of death possibly attributable 
to acute poisoning, but he does not present any direct evidence of the damaging 
effect of industrial waste waterson muskrat stocks. Dalquest (1948: 361), on the 
other hand, stated that muskrats can live even in waters polluted by garbage 
and sewage. Many of the watercourses of Finland are polluted by industrial 
effluents, chiefly from the wood-pulping industry. A characteristic ofthe regions 
near sulphite cellulose factories, however, is the abundance of the higher aquatic 
vegetation (particularly Nymphaea and Nuphar associations; e.g. Halme 1950). 
Such luxuriant Nymphaea associations as are found below the Mantta factory 
are not seen elsewhere in Finland (Jarnefelt 1953). The author has observed an 
abundant muskrat population in the place in question. According to the local 
gamekeeper, catches have been good although the water is very polluted and bad-
smelling. The author has not heard any complaints that the waste waters of 
factories have proved harmful to muskrat stocks in Finland. 
2. Food 
a. Vegetable food 
Muskrats are generally regarded as herbivores which, like other rodents, some-
times consume a good deal of animal food. 
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Widely different marsh and aquatic plants are eaten by muskrats. Almost 
anything of vegetable nature is tolerated, it is said. This is particularly true 
during winter and early spring, the most unfavourable seasons in regard to 
feeding, before the new aquatic vegetation has sprouted. 
The list of known food plants of the nominate race comprises about 60 species 
(Johnson 1925, Enders 1932, Hamerstrom & Blake 1939, Butler 1940, Errington 
1941, Hewitt 1942, Takos 1947, Bellrose 1950, Bednarik 1956) but only about 
30 of them have any real significance as regular components of the diet. In ad-
dition, plant species which are not ordinary aquatic plants (sensu Fasset 1940), 
such as cereals, root and frui t crop plants and ornamental plants and the buds 
and bark of certain trees and shrubs, are included in the list of their food plants. 
I t has been demonstrated, however, that in spite of a certain variety in their diet, 
muskrats display preferences, varying both individually, locally and seasonally, 
for certain food plants. The nature of the food chosen may also change with 
age. 
Very few investigations have been carried out in Finland on the food eaten by muskrats· 
Korvenkontio (1930) lists 44 aquatic plant species which they do or may utilize as food in our 
watercourses. The following are, according to him, preferred: Equisetum limosum, Phragmites 
communis, Scirpus lacustris, Typha spp. Carex acuta, Nymphaea and Nuphar. Further impor-
tant species are: Sparganium erectum Stratiotes aloides, Elodea canadensis, Scolochloa festu-
cacea, Glyceria maxima, Scirpus silvaticus, Carex aquatilis, Acorus calamus (d. also Valtonen 
1959), funcus spp., Iris pseudacorus (?), Polygonum amphibium, "'lenyanthes trifoliata, Hip-
puris vulgaris (?). 
Brander (1949, 1951 a, 1951 b) lists the following as the most important food plants: 
Equisetum, Scirpus, Phragmites, and Carex species. The following genera are of significance, 
although they are not the main food plants: Iris, Nymphaea, Nuphar, Typha, Sparganium, 
Potamogeton, Polygonum, Menyanthes, Zizania, Glyceria and the bark of willows (Salix spp.) 
and aspen (Populus). Some other plants of rather small size are also mentioned: Hydrocharis, 
SParganium mi;nimum, Utricularia vulgaris, Lemna minor. Many observers (e.g. Hakola 1926, 
Harju 1946, Artimo 1(49) mention that muskrats also eat cereals and root crops, as they do in 
their native country. 
The plant species eaten by muskrats can be studied by examining the food 
remains on the feeding platforms (in winter: in feeding huts and in houses). Musk-
rats are generally very wasteful in their feeding and eat only the succulent basal 
parts of aquatic plants. The winter food comprises roots and rootstocks of such 
plants. The plant remains on feeding platforms are easily identified. A heavy 
swell or rise in water level sometimes scatters the remains in the surroundings, 
or they may dry up and so become unidentifiable. Usually, however, the analyses 
of feeding platforms give a reliable picture of the food of muskrats (c.f. e.g. Ham-
erstrom & Blake 1939, Takos 1947, Bellrose 1950). Data on the quality of food 
can also be obtained from stomach and faecal analyses (Bednarik 1956, Arata 
1959), but their examination is very troublesome and time-consuming (e.g. 
Errington 1941). 
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During the years 1945-53 the author analyzed 314 feeding places from differ-
ent watercourses (Artimo 1957). The majority of them were situated in the region 
of the Kokemaenjoki drainage basin or elsewhere in the southern part of Finland. 
Nine analyses were made in the Kuopio district and 5 in Lappeenranta area. The 
author did not have an opportunity to analyze any feeding platforms in North 
Finland, in Pohjanmaa or on the coast. 219 of the analyses are from eutrophic 
lakes, 90 from dystrophic and 5 from oligotrophic lakes. In the oligotrophic lakes 
muskrats do not generally remain stationary (p. 45) and their feeding places are 
found there only occasionally and generally in autumn during their most active 
period. The analyses were distributed according to season in the following manner: 
7 in January, 19 in March, 10 in April, 9 in June, 66 in July, 103 in August, 80 in 
September, 12 in October and 8 in November. In winter the analyses were made 
from the opened winter houses, but it was necessary to restrict their number to 
as small an amount as possible. The number of analyses taken in spring, during 
and after the break-up of the ice is small because at this period hardly any feeding 
platforms are to be found. The flood water in spring evidently destroys them or 
submerges them. 
Remains of 30 plant species were found on the feeding platforms. There were 
remains of one plant species on 43 % of feeding platforms investigated, of two 
on 39 %, of three on 5 %, of four on 3 %, and of more than 4 aquatic plant 
species on 10 %. 
It thus seems evident that the muskrats in Finnish watercourses mainly subsist 
on a small number of plant species. Takos (1947) reported the following data based 
on similar analyses made in Maine, U.S.A.: in 50 % of feeding platforms there 
were remains of only one plant species, in about 25 % of two and in about 25 % 
of three or more plant species. Moreover, in Ohio, Bednarik (1956) has established 
that in the course of a year Typha and Sparganium were the most important 
components in faecal analyses, so that there were 42 % of the former plant and 
37 % of the latter in the samples investigated. Together these two plants account-
ed for 79 % of the food consumed. 
The result of the author's analyses of feeding platforms are presented in 
Table 4. 
In columns 3-7 are presented the results of analyses of 104 feeding platforms from 15 
lakes in the Kokemiienjoki basin where the aquatic vegetation has been studied in detail. 
Of these lakes the following are eutrophic or dys-eutrophic: Kirkkojiirvi, Kyliijiirvi, Siikko-
liinjiirvi, Suoramaanjiirvi, Taivallampi, Ahulinjiirvi (all in Kangasala), Miiyhiijiirvi and Savi-
jiirvi (both in Lempiiiilii.), Kirkkojiirvi (in Parkano; all studied by Dr. U. Perttula; archives 
of the Botanical Institute, Helsinki University). The following dystrophic lakes were also 
taken into consideration: Poikkeusjarvi and Kairojarvi (in Parkano, both studied by Dr. 
U. Perttula), Hautajarvi, Kaitalampi, Sarkijarvi and Saarijarvi (in Lammi, all four studied 
by the author). The frequency values represent a. modification of Nordin's (1871) scale, with 
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Table 4. Food plants of muskrats and their preferences, based on an analysis of feeding platforms. 
- 1- 2: Numbers and percentages indicating the frequency of each plant species on the 314 feeding 
platforms investigated. 3: Squares of the mean frequencies of the plant species in 15 lakes, where 
the aquatic vegetation has been described. 4- 5: Numbers and percentages indicating the frequen-
cies of each plant species on 104 feeding platforms on these lakes. 6: The area covered (column 3) 
as a percentage of the total area of aquatic vegetation (140 ha.). 7: The preference for the species 
(= the ratio of the values in columns 5 and 6). For further details, see p. 54, 56. 
I 1 I 2 I 3 I 4 I 5 I 6 I 7 
A. Reed-swamp species and plants 
with partly emerged shoots 
1. Equisetum limosum ............ 78 24.8 34.8 28 26.9 24.9 1.1 
2. TYPha spp . •• ••••••••• •••• 0 •• 23 7.3 2.4 9 8.7 1.9 4.6 
3. Scirpus laqustris .............. 49 15.6 11.6 15 14.4 8.3 1.8 
4. Eleocharis palustris ••••••••• 0 •• 2 0.6 7.3 1 1.0 5.2 0.2 
5. Phragmites communis ••••• 0 •••• 31 9.9 29.2 12 11.5 20.9 0.6 
6. Clyceria maxima .............. 4 1.3 - - - - -
7. Cl. fluitans .................. 1 0.3 1.0 - - 0.7 -
8. Carex spp ..................... 139 44.3 38.4 51 49.0 27.4 1.8 
9. Sparganium erectum '" •• 0.0 •• 14 4.4 1.2 4 3.8 0.9 4.2 
10. Sp. simplex .................. 13 4.1 9.6 5 4.8 6.9 0.7 
11. Sp. minimum ................ - - 3.6 - - 2.6 -
12. A lisma plantago-aquatica ...... - - 7.8 - - 5.6 -
13. Sagittaria sagittifolia .......... 3 1.0 0.5 - - 0.4 -
14. Butomus umbellatus ••••••••• 0 •• 4 0.3 1.0 - - 0.7 -
15. A corus calamus . ............... 1 0.3 - - - - -
16. Iris pseudacorus ••• wo ••••••••• 1 0.3 2.0 - - 1.4 -
17. Ranunculus lingua ••••••••••• 0 - - 0.5 - - 0.4 -
18. Hippuris vulgaris ••• 0 •••••••• 1 0.3 1.7 - - 1.2 -
19. Lysimachia thyrsiflora .......... - - 13.7 - - 9.8 -
20. Menyanthes trifoliata .......... 5 1.6 13.7 4 3.8 9.8 0.4 
121. Calla palustris ................ 3 1.0 16.8 1 1.0 12.0 0.1 I B. Plants with floating leaves 
a. rooted 
22. Sparganium Friesii ••• 0 •••••••• 2 0.6 8.4 1 1.0 6.0 0.2 
23. Potamogeton natans • •• 0 ••••••• , 15 4.7 21.2 3 2.9 15.1 0.2 
24. P. gramineus (alpinus) ••• 0 •••• - - 3.6 - - 2.6 -
25. Polygonum amphibium ........ 2 0.6 1.2 - - 0.9 -
26. Nuphar spp. ••••••••••••••• 0 •• 22 7.0 32.5 8 7.7 23.2 0.3 
27. Nymphaea spp . ••• • ••••••• 0 •• 7 2.2 6.3 2 1.9 4.5 0.4 
28. Callitriche spp. •••••••• 0 •••• 0 •• - - 2.9 - - 2.1 -
b. free - floating 
29. Hydrocharis morsus-ranae .0 ••• , - - 5.8 - - 4.1 -
30. Lemna spp. -••• 0 ••••••••••••• 0 - 10.9 - - 7.8 -
31. Spirodela spp. .............. ,. - - 2.3 - - 1.6 -
C. Wholly submerged plants 
a. rooted or fixed 
32. I soetes spp. .·.··0 ............ 7 2.2 2.6 2 2.0 1.9 1.0 
33. Elodea canadensis •• ••••••• 0 •• 1 0.3 0.6 - - 0.4 -
34. Potamogeton praelongus ........ - - 0.2 - - 0.1 -
35. P. perfoliatus ................ 1 0.3 3.2 - - 2.3 -
36. P. pusillus .................. - - 0.1 - - 0.1 -
37. P. obtusifolius . ............... 4 1.3 6.3 1 1.0 4.5 0.2 
38. Scirpus acicularis ••••••••••• 0 - - 0.8 - - 0.6 -
39. Ranunculus rep tans ... - ........ - - 0.4 - - 0.3 -
40. Subularia aquatic a -..... - - ..... - 0.3 - - 0.2 -
41. Myriophyllum spp. '" .0 ••••••• 2 0.6 2.9 - - 2.1 -
42. Lobelia dortmanna 0 ••• 0" 0 ••• 0 - - 0.3 - - 0.2 -
b. free-floating 
43. Stratiotes aloides '" .0_.0 _. 0 ••• - - 1.0 - - 0.7 -
44. Ceratophyllum demersum ........ - - 1.7 - - l.2 -
45. Ufricularia s pp -•••• 0 ••••• _ •• 0 - 9.6 - - 6.9 -
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fqq = 7, fg = 6, st fq = 5, P = 4, st r = 3, r =2, IT = 1. Following Ulvinen (1937:40 ff), 
the author has taken the squares of these values to represent the'aieascovered by the different 
species. In this way it was possible to estimate in percentages (column 6) 'the proportion of 
the aquatic vegetation (covering 140 ha.) represented by each plant species. Since the relative 
amounts of aquatic plant species on the feeding platforms investigated is known (column 5), 
it is then possible to obtain some idea of what food plant species the muskrat has used most 
in relation to the amount available, and hence to arrive at the food preference (column 7, 
forage ratio, Takos 1947). This calculation, of course, gives only a rough picture of the musk-
Tat's order of preference for food plants. 
From Table 4 we see that the commonestfood plants were C arex spp., (in 44, and 
49 % of the feeding platforms investigated), Equisetumlimosum (25 and 27 %) 
and.Scirpus lacustris (16 and 14 %). Phragmites communis, SParganium erectum, 
and S. simplex, Typha lati/olia, Potamogeton natans and Nuphar spp. were also 
fairly frequently utilized (3-12 %). The other plant species presented have obvi-
ously formed a more or less occasional feature of the diet. Korvenkontio (1930) 
and Brander (1949, 1951 b; d. also Artimo 1949, 1956, 1957) agree in regarding 
the same plant species as the most important and commonest food plants. 
In previous reports from Finland, Isoetes has not been listed among the food-plant 
species of the muskrat, but the author found it on 7 feeding platforms. Isoiftes may be more 
important, however, than the value in the table shows, since especially in spring and autumn 
the remains of Isoetes are found floating in great rafts on the shores of certain lakes. Floods 
have obviously scattered them from the feeding platforms of muskrats or these animals have 
loosened the plants from the bottom in eating their basal parts. From the Kola Peninsula 
Novikov (1936 b) reports that Isoi!tes is eaten by muskrats. Hoffmann (1958: 39) has confir-
med this in Central Europe. No remains of Stratiotes aloides were found by the author in the 
feeding places, although Korvenkontio (1930) mentions that it is eaten by muskrats (in 
feeding experiments?). Yet in the lakes of the area studied (Kangasala: Kirkkojarvi, Suora-
maanjarvi, Sakkolanjarvi, Nuorronjarvi, Taivallampi) this species was fairly common. 
Potamogeton natans and to a lesser degree other Potamogeton species also seem to form part of 
the diet of muskrats and may not be merely emergency food as Korvenkontio (op.cit.) believed. 
Potamogeton was found to have been eaten in lakes (e.g. Taivallampi) where ample supplies of 
other nourishment were available. 
Hydrocharis morsus-ranae and Utricularia vulgaris, which are mentioned by Brander 
(1951 a) as food of muskrats, have not been found to have been eaten in nature (nor any 
other free-floating plants). In feeding experiments, however, the animals ate this plant (Artimo 
1957). Korvenkontio (1930) alleged that Calla palustris was not eaten by muskrats; although 
they might damage this plant by their digging. Marvin (1939) likewise reported that this 
speCies was not eaten in experiments carried out in East Karelia. But the present author has 
observed that small amounts are eaten both in nature and in feeding experiments. 
From Table 4 it can be seen that there was a distinct order of preference for 
the food plants. The highest value (4.6) was scored by Typha, sp., which in the 
American literature is likewise always mentioned as the chief food plant of musk-
rats. The amount of carbohydrates stored in the rootstocks of this species is 
53.4 % of the dry matter (42.8 % starch, 9.6 % proteins; Korvenkontio 1930). Sec-
ond place was take~ by SParganium erectum (4.2) which is also known elsewhere 
flS a good food plant. Then followed Scirpus lacustris (1.8), Carex spp. (1.8), Equi-
setum limosum (1.1) and Isoetes (1.0), whereas the significance of other species 
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was small. It will be noted that Phragmites, which is very common in the muskrat 
localities, gets a much lower score. Of the helophytes, muskrats eat Sparganium 
simplex and M enyanthes trifoliata to a small extent. Several plants with floating 
leaves were eaten in small amounts; of wholly submerged plants there was a slight 
preference for Potamogeton obtusifolius only, and Isoetes came next in order after 
Equisetum. 
In spite of the rough method of calculation it can be seen that the plant species 
eaten and preferred by muskrats are helophytes and hydrophytes especially of 
the tall reedswamp type and rooted plants with floating leaves, whereas the signi-
ficance of plants belonging to other life-form groups is in both cases small (Isoetes 
d. above). 
The following list of the plants commonly eaten by the nominate race of 
muskrat in North America and more or less regularly in Finland shows that 
22 (64 %) of the genera are common to both countries. These are mark ed with 
an asterisk (+). 
+ Equisetum 
+ Typha 
+ SParganium 
+ Potamogeton 
Najas 
+ Sagittaria 
+ Alisma 
+ Elodea 
+ Zizania 
+ Glyceria 
+ Phragmites 
Calamagrostis 
Cyperus 
DulicMum 
+ Eleocharis (Scirpus) 
+ Scirpus 
+ Carex 
+ Acarus 
+ Lemna 
Wolffia 
--l- Myriophyllum 
Pontederia 
+ Juncus 
+ Iris 
+ Salix 
Rumex 
+ Polygonum 
Ceratophyllum 
+ }Ilymphaea 
+ Nuphar 
Ranunculus 
Sium 
Lysimachia 
Lycopus 
The role of common plant genera would certainly be still greater if more ana-
lyses had been made in different parts of Finland. Of the 34 plant genera listed, 
31 occur in both areas. Only Cyperus, Dulichium, Pontederia and Wolffia do not 
belong to the flora of Finland. 
The Finnish list of food plants adds only three genera, Isortes, Hippuris and 
Hydrocharis, to those recorded as food of North American muskrats. Hydrocharis, 
however, is not a member of the North American flora. 
The great similarity of the food plants of American and Finnish muskrats ap-
pears convincingly from the list below, where the frequency of plant remains 
on feeding platforms in Maine (according to Takas, 1947) and Finland (Table 4) 
are presented. A (+) instead of a numerical value indicates that the species is 
mentioned in the literature. 
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Maine % 
Typha latifolia . . . . . . . . . . . . . . . . . . .. 45 
Acorus calamus (var. americanus) 42 
Sagittaria ),sagittifolia), + cuneata 21 
Carex lacustris . . . . . . . . . . . . . . . . . . .. 11 
Zizania aquatica . . . . . . . . . . . . . . . . . . 9 
Equisetum fluviatil.e ................ 6 
Alisma ),plantago-aquatica>, .......... 4 
Ranunculus flabellaris ... . . . . . . . . . . . 4 
Lysimachia thyrsiflora .............. 3 
Sparganium angustifolium . . . . . . . . . . 2 
Sium suave ........................ 2 
Potamogeton pusillus ................ 1 
Dulichium arundinaceum . . . . . . . . . . 1 
Potamogeton gramineus .............. 1 
P. natans ........................ 1 
Salix discolor ...................... 1 
Phalaris arundinacea . . . . . . . . . . . . .. tr. 
Eleocharis sp. ...................... tr. 
Nuphar variegatum . . . . . . . . . . . . . . .. tr. 
Calamagrostis canadensis ............ tr. 
Glyceria canadensis . . . . . . . . . . . . . . .. tr. 
Myriophyllum sp. .................. tr. 
Pontederia cordata .................. tr. 
Glyceria sp. ........................ tr. 
Iris versicolor ...................... tr. 
Leersia virginica . . . . . . . . . . . . . . . . .. tr. 
Lysimachia lerrestris ................ tr. 
Potamogeton sp. .................... tr. 
Scirpus (Trichophorum) cyperinus .... tr. 
Taraxacum sp. . . . . . . . . . . . . . . . . . . .. tr. 
Vallisneria americana.... . . . . . . . . . .. . . tr. 
Finland 
T. latifolia 6- angustifolia ......... . 
A. calamus ..................... . 
Sagittaria spp. . ................ . 
Carex spp. . .................... . 
Zizania aquatica ............... . 
Equisetum fluviatile 
Alisma plantago-aquatica ......... . 
Ranunculus spp. . .............. . 
LysimaGhia thyrsiflora ........... . 
SParganium angustif. (affine) ..... . 
Sium latifolium ................. . 
Potamogeton pusillus ........... . 
Potamogeton gramineus ......... . 
Potamogeton natans ............. . 
Salix spp. . .................... . 
Phalaris arundinacea ........... . 
Eleocharis palustris ............. . 
Nuphar luteum ................. . 
Calamagrostis purpurea ......... . 
Glyceria maxima ............... . 
Myriophyllum sp . ............... . 
Glyceria fluitans ................. . 
Iris pseudacorus ................. . 
Leersia oryzoides ............... . 
Lysimachia vulgaris ............. . 
Potamogeton sp. . ................ . 
Scirpus lacustris ................. . 
Taraxacum sp. . ................ . 
% 
7.3 
0.3 
1.0 
44.3 
+ 
24.8 
+ 
4.7 
+ 
0.6 
7.0 
? 
1.3 
0.6 
0.3 
0.3 
+ 
+ 
15.6 
The great differences in the percentages are probably due to differences be_ 
tween the vegetation of the lakes of the two areas. The list indicates, however, 
that the muskrats in the two areas do to a large extent utilize the same or corre-
sponding plant species. The same remarkable uniformity also appears when food 
plant investigations carried out by Hamerstrom & Blake (1939) in Central Wis-
consin are compared with Finnish ones. Of the 39 genera, 33 (85 %) were common 
to both areas. 
Owing to similar climatic conditions and geological development there is a 
remarkable degree of similarity in the aquatic vegetation available to muskrats in 
Finland and in their native country. The vegetable food utilized by muskrats in 
the two areas is surprisingly similar. One of the reasons for the success of the 
introductions of muskrats into Finland is the fact that they came to an environ-
ment where it was easy to find food of approximately the same nature as in the 
original area. 
External factors affecting acclimatization 59 
-----------.-----------------------------------------------------
b. Animal food 
Crayfish and mussels (especially Anodonta and Unio) form the main animal 
food of muskrats in North America. In addition, muskrats have been known to 
devour insects, snails, fish, aquatic birds or their fledglings, and sometimes frogs, 
certain reptiles, etc. (Merriam 1884: 275, Hollister 1911, Johnson 1925, Lantz 
1926, Enders 1932, Smith 1938, Hamilton 1939, Burt 1948, Dalquest 1948: 361, 
Rustad 1952, Bednarik 1956, Sather 1958, etc.). Errington (1937 d, 1939 a, 1941) 
published very detailed notes concerning the animal food of muskrats and pointed 
out that certain populations are so herbivorus that it is difficult to find any evi-
dence that they utilize animal food at all, whilst in other populations the diet 
does not differ very much from that of the mink. 
It is said that muskrats resort more to animal food early in spring when the 
aquatic vegetation has not yet developed, and in late autumn and winter (d. 
Errington 1941, Stearns & Godwin 1941, Sather 1958). Bellerose (1950: 305) , 
howeved, writes: »In the feeding houses there was little to indicate that muskrats fed 
upon much animal material during the winter months.» Bednarik (1956) mentions 
that in winter fish scales and remains of crayfish were found in 47 out of 204 
stomachs. In the area which he studied plenty of dead (asphyxiated?) fish were 
available. In Ohio it was established that during the shooting season muskrats fed 
on birds that had died of wounds or been shot but not retrieved (d. also Errington· 
1941 ). 
Many observations made in Finland indicate that muskrats have retained their 
fondness for crayfish and mussels, especially (e.g. Korvenkontio 1925, 1926, 
1929 a, Hakola 1927, Happ6la 1928, Saravuori 1933, Brofeldt 1934, Artimo 
1949,1952,1957, Brander 1949, 1951 a, b, c, 1956). Remains of mussels and other 
gastropods were found on 16 % of the feeding platforms studied by the present 
author. This is illustrated by the following table. 
January 
March ....... . 
April ......... . 
June ......... . 
July ......... . 
August ....... . 
September 
October ....... . 
November 
Feeding platforms 
investigated 
No. 
7 
19 
10 
9 
66 
103 
80 
12 
8 
314 
Remains of molluscs 
on feeding platforms 
No. % 
3 
14 
5 
o 
9 
7 
10 
2 
o 
50 
43 
74 
50 
o 
14 
7 
13 
17 
o 
16 
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The numerous heaps of mussel shells found on shore s were not considered, 
unless they were accompanied by signs of quite fresh feeding of muskrats. 
Most observations concerning mussel eating were made in midwinter and early 
spring. These observations support corresponding observations made earlier in 
Finland (e.g. Korvenkontio 1929 a, Brander 1955 a, b,) in Central Europe (Hoff-
mann 1958:33) and in North America (see above). It seems not unnatural that 
during the season when the supply of vegetable food is at a minimum the muskrats 
should use proportionally more animal food than at other seasons. 
Brander (1955 b) also suggests that muskrats are likely to use mussels as food 
particularly in watercourses poor in vegetation, but the present author has also 
found very large heaps of mussel shells in eutrophic lakes rich in vegetation (e.g. 
Lake Klapptrask, Espoo). 
In the present study, remains of crayfish were not found on the feeding plat-
forms of muskrats but in four different localities in Lake Linnanjarvi, Kangasala, 
it was observed that muskrats had obviously eaten them (Artimo 1949). 
In addition to crayfish and mussels, there are some reliable reports from Fin-
land on the utilization of fish as food, although this feature of the diet has gener-
ally been exaggerated (Artimo 1949, 1957 d. also Hoffmann 1958: 38 and Lavrov 
1933). In the stomach contents of 264 muskrats investigated by the author there 
were no signs of such food or of any other animal food either (d. also Hoffmann 
1958: 33-35). In feeding experiments (Artimo 1957), on the other hand, it was 
shown that muskrats would eat fishes. 
No reliable observations have been made in this country of muskrats eating birds or 
fledglings or frogs, nor have they been observed to feed on the cadavers of wild ducks during 
the hunting season (Brander 1951 b). A report of the eating of young ducks may be an 
isolated event (Artimo 1957). 
In the American literature there are no reports of muskrats eating other mammals. In 
Finland, Rasanen (1930 a, b) observed skins of water voles and other remains in muskrat 
houses, indicating that muskrats had eaten water voles. In this locality the aquatic vegetation 
was rich and there was thus no lack of plant food. According to the description, the remains 
(gnawed skins) were just like what is found in cases of cannibalism among muskrats. 
From the occasional use of mammals as food it is only a step to the cannibalism observed 
in muskrats in their native country (e.g. Merriam 1884:275, Johnson 1925, Enders 1932, 
Errington 1937 d, 1939a, 1941, Cahalane 1947:530, Burt 1948: 228) and in Europe (Chappelier 
1948, Hoffmann 1958:40). In Finland cannibalism has also been observed in muskrats in 
captivity (Artimo 1957). 
The similarity of feeding habits in Finland and in America thus applies to 
both vegetable and animal food. Mussels form the bulk of the animal nourishment, 
whilst the other components of the animal food may be less important and gener-
ally more or less exceptional. 
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c. Regional differences in the distribution of food 
Maristo (1941) has divided the Finnish lakes into certain types on the basis 
of their aquatic vegetation. Those types where reedswamp species and helophytes 
(p. 55, Table 4) predominate are found from the south to the northern border of 
Simojoki and Kiiminkijoki basin (p. 11, area V, Fig. 2). In these lakes the food situa-
tion is good for muskrats, because the reedswamp species are preferred. Further 
north, a type where reedswamp species are less abundant predominates (the so-
called Elodeid type). In these lakes, aquatic plants with floating and submerged 
leaves are the main species. In Kuusamo there is a special type of oligotrophic 
lake called the Potamogeton filiformis - Chara type, and in Fjeld-Lapland another 
type of oligotrophic lake, called the Carex type, both with very sparse aquatic vege-
tation (Maristo op.cit.). The causes responsible for the barrenness of our north-
ern watercourses and the small number of plant species inhabiting them are the 
shortness of the growing period (Soyrinki 1939: 35) and the extreme temperature 
conditions in winter (Maristo 1941: 248). Shallow lakes, and especially shallow 
shore zones, freeze very deep and it is the reedswamp species that suffer most. 
The species with floating and submerged leaves are more hardy, for their organs 
for wintering are deeper »so findet auch das verhaltnismassig reichliche Vorkom-
men der Wasserblattkrauter, auch der eutraphenten Arten, in samtlichen nord-
lichen Seetypen dadurch seine Erklarung» (Maristo 1941: 251, d. also Lohammar 
1938: 220-235). 
In the usually barren watercourses of the north the chief species available to 
the muskrat are Carex, Potamogeton, and Sparganium. It is true that the Carex 
species have proved to be liked by muskrats (p. 55, Table 4) but they are not 
especially fond of the Potamogetons and Sparganium (Sp. friesii and Sp. affine). 
In view of this, the food of the muskrats can become very monotonous in these 
water systems. In addition, severe winters may still further increase the unifor-
mity of the already sparse diet. 
Locally the food situation of muskrats may be fairly good even in Lapland. In Kittilii 
there are certain lakes of the so-called Stratiotes type (Maristo 1941: 197-205) where the 
vegetation is luxuriant (Kotilainen 1956, Salonen 1956). In these lakes reedswamp species 
are sparse, whilst plants with submerged and floating leaves predominate. The commonest 
species is Equisetum limosum. Phragmites communis does not occur in all the lakes, either 
»denn vielerorts ist der Boden auch beim Ufer viel zu locker, als dass die Art dort Wurzel 
fassen konnte. 1m Friihjahr werden wiederum die Wurzelstocke auf Weiten Fliichen durch 
die bis auf den Boden hinab reichende Eisdecke aus dem "Boden gerissem (Maristo op.cit., p. 
199). The following other species are found in these lakes: Scirpus palustris, S.lacustris, 
SParganium simplex, Lysimachia thyrsiflora (not observed to be eaten by muskrats in the more 
southern parts of the country) and Hippuris vulgaris. Of the plants with floating leaves, Sparga-
nium simplex is found in all lakes; other common species are: Potamogeton natans, NYPhaea 
candida, Nuphar luteum and N. p1fmilum. Of the submerged plants Stratiotes aloides, many 
Potamogeton species and Myriophyllum may be mentioned. 
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In this region the muskrats became established immediately when introduced in 1933-34 
and survived well as separate colonies in the sites where they had been released (Aakenus-
jarvi, Sotkajarvi, Munajarvi, Kulkujoki). Another population expanding from the direction 
of the Ounasjoki outlet reached the area in 1950-51 and as a result these northern colonies 
were absorbed into a more southerly continuous distributional area (Figs. 12-15, p. 26). 
Novikov (1936 b) mentions similar observations from the Kola Peninsula where musk-
rats also became settled and survived well in watercourses with luxuriant vegetation. Buja-
kovic (1951) reports similar occurrences of separate colonies in the northern parts of Siberia. 
Of the animal food available to muskrats in our northern watercourses it may 
be mentioned that Anodonta piscinalis is occasionally found as far north as 
Kittila (Luther 1952). Margaritana margaritifera, however, although not very 
common, is distributed throughout Lapland. According to Brander (1955 a), 
it is significant as muskrat food in North Finland. The distribution of the Unio 
species is more southern. The same is the case with the crayfish, whose range 
extends to about lat. 62° N. Introductions of this species have been made into 
some localities in the regions of Oulu-Iisalmi (Jarvi 1911), but farther north 
the species is lacking. 
It can thus be concluded thai animal food suitable to muskrats is available in 
Lapland, too. Margaritana may perhaps replace the rare Anodonta and the Unio 
species, which do not occur in Lapland. 
The absence of muskrats from the north of Lapland is obviously due to the 
poor plant productivity. This scarcity of food has, without doubt, also been re-
sponsible for the slow rate of occupation of the southern parts of Lapland by 
muskrats. 
d. Effect of muskrats on the aquatic vegetation 
Many American investigators in the muskrat's native haunts mention that the 
aquatic vegetation occasionally becomes sparser when the animal is abundant (e.g. 
Pancoast 1937, Krummes 1940, Dozier 1945, Kellog 1947, Dozier et al. 1948). 
To the best of the author's knowledge, however, detailed investigations have not 
been made on the nominate race. Of the damage caused by muskrats which very 
radically disturbed the muskrat marshes in Louisiana, on the other hand, there is 
a detailed account (Lynch, O'Neil & Lay 1947). 
It is a very common opinion in this country that muskrats, especially during 
their expansion, did considerable damage to aquatic vegetation. 
According to investigations carried out by Brander (1949) in Lake Kivijarvi, 
Urjala, and especially by the present author in 1947-48 in Lake Sarkkilanjarvi, 
Ikaalinen, in Lake Lampellonjarvi, Lammi, in Lake Kivijarvi, Kiikka, and in 
Lake Liekovesi, Tyrvaa, the thinning of the vegetation takes place in the follow-
ing way: 
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In autumn an area of thinned vegetation surrounds each individual muskrat 
winter house. This is seen very distinctly, especially in the Equisetum beds, where 
the houses are constructed of horsetail rhizomes which have been rinsed clean. 
Such a house has generally been built in water about 0.5 m. deep; it may project 
as much as 1 m. above the water and have a diameter of about 1.0-1.5 m. at water 
level. Inside the house is a den, the approximate measurements of which are: 
length O.4m., width and height 0.2 m. An enormous number of rhizomes are needed 
for the construction of such a house. During the winter the inhabitants of the 
house continue to feed in the surroundings. The number of animals per winter 
house is usually 3-5 (e.g. Koskelo 1932, Aldous 1947, Dozier 1948 b) oreven 
more (6-8 Bailey 1937, 11-16 Bujakovic 1951, 13 Shanks & Arthur 1952). 
Owing to the difficulty of moving about (ice coverl) the foraging trips extend 
only to the immediate proximity of the house, which during the course of the 
winter will be more or less completely devoured. As the winter food consists mainly 
of the roots and rootstocks of aquatic plants and especially as the buds are very 
much liked (as can be verified from the food remains in the houses), the signs of 
this activity are still to be seen at the end of the following summer as a bare 
patch or as very thin place in the vegetation (d. Brander 1949: 4-16, Figs. 2-3). 
If muskrats are allowed to live and multiply undisturbed in watercouses, the 
number of winter houses the following autumn increases. If any of the foundations 
remain from the previous autumn a house may be built on them but the new 
winter houses (which are now situated at the side of the bare patch) have to have 
new foundations. For these and for the ordinary houses, which extend above the 
water level, considerable amounts of roots of aquatic plants are used. During this 
winter a larger population is thinning the vegetation than in the previous autumn, 
and in late summer the open area will already have widened substantially and 
become irregularly polygonal (d. Brander op. cit. p. 16, Fig. 4). In this manner 
the thinning of the vegetation continues with ever-increasing rapidity. The origi-
nally separate openings caused by different colonies may finally be come united 
(Brander op. cit. p. 18. Figs. 5--6). 
The result of the activity of muskrats is thus the disappearance of the vegeta-
tion from watercourses. The first opening around the house may be about 25-100 
sq.m. After one or two years it may be as much as 5 times as great (d. Brander 
op.cit.). The disappearance of aquatic vegetation is even quicker in Equisetum 
beds, where the materials for the construction of houses are the rhizomes of horse-
tails. In other associations (Phragmites, Carex, Scirpus, TYPha) the materials used 
for building the houses are not so much roots as stems and leaves (d. Brander 
1949, 1951 a, Artimo 1952 ). The destruction is then not so complete and rapid as 
in pure Equisetum beds. 
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Fig. 19. The introductions oj Virginian (blue) Fig. 20. The distribution oj blue muskrats in 
muskrats and their distribution up to the end 1948. 
oj the year 1945. 
outlet of the Kokemaenjoki drainage area had been reduced to the area of Ahlai-
nen-Noormarkku-Yyteri. The population east of Lake Pielisjarvi had dis-
appeared. Only in the Saimaa district had the area occupied by the blue muskrat 
remained nearly as large as before. 
From many localities of introduction the blue muskrats had totally disappeared 
or become mixed with the expanding brown populations. Crossing experiments 
(Smith 1938, Dozier 1948 a) have shown that the dark colour is a recessive char-
acter. In the fur trade, it is known that in regions where blue muskrats have been 
introduced, the quality of the pelt of brown (common) muskrats is better than in 
areas where the animals are of pure brown muskrat descent (d. also Voipio 1948, 
1950: 119-120). 
Data obtained by the Game Research Institute concerning the distribution of 
blue muskrats in Finland indicate that a further reduction of their range occurred 
in the years 1950-53 (Fig. 21). In the Saimaa district the distributional area 
remained almost unchanged, but everywhere else the populations receded or even 
totally disappeared. 
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In autumn an area of thinned vegetation surrounds each individual muskrat 
winter house. This is seen very distinctly, especially in the Equisetum beds, where 
the houses are constructed of horsetail rhizomes which have been rinsed clean. 
Such a house has generally been built in water about 0.5 m. deep; it may project 
as much as 1 m. above the water and have a diameter of about 1.0-1.5 m. at water 
level. Inside the house is a den, the approximate measurements of which are: 
length O.4m., width and height 0.2 m. An enormous number of rhizomes are needed 
for the construction of such a house. During the winter the inhabitants of the 
house continue to feed in the surroundings. The number of animals per winter 
house is usually 3-5 (e.g. Koskelo 1932, Aldous 1947, Dozier 1948 b) oreven 
more (6-8 Bailey 1937, 11-16 Bujakovic 1951, 13 Shanks & Arthur 1952). 
Owing to the difficulty of moving about (ice coverl) the foraging trips extend 
only to the immediate proximity of the house, which during the course of the 
winter will be more or less completely devoured. As the winter food consists mainly 
of the roots and rootstocks of aquatic plants and especially as the buds are very 
much liked (as can be verified from the food remains in the houses), the signs of 
this activity are still to be seen at the end of the following summer as a bare 
patch or as very thin place in the vegetation (d. Brander 1949: 4-16, Figs. 2-3). 
If muskrats are allowed to live and multiply undisturbed in watercouses, the 
number of winter houses the following autumn increases. If any of the foundations 
remain from the previous autumn a house may be built on them but the new 
winter houses (which are now situated at the side of the bare patch) have to have 
new foundations. For these and for the ordinary houses, which extend above the 
water level, considerable amounts of roots of aquatic plants are used. During this 
winter a larger population is thinning the vegetation than in the previous autumn, 
and in late summer the open area will already have widened substantially and 
become irregularly polygonal (d. Brander op. cit. p. 16, Fig. 4). In this manner 
the thinning of the vegetation continues with ever-increasing rapidity. The origi-
nally separate openings caused by different colonies may finally be come united 
(Brander op. cit. p. 18. Figs. 5--6). 
The result of the activity of muskrats is thus the disappearance of the vegeta-
tion from watercourses. The first opening around the house may be about 25-100 
sq.m. After one or two years it may be as much as 5 times as great (d. Brander 
op.cit.). The disappearance of aquatic vegetation is even quicker in Equisetum 
beds, where the materials for the construction of houses are the rhizomes of horse-
tails. In other associations (Phragmites, Carex, Scirpus, TYPha) the materials used 
for building the houses are not so much roots as stems and leaves (d. Brander 
1949, 1951 a, Artimo 1952 ). The destruction is then not so complete and rapid as 
in pure Equisetum beds. 
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When the waters are open, muskrats use as their main food the basal parts 
of the shoots of aquatic plants but will take the roots, too, and it then depends 
on the size of the population how much their activity affects the vegetation. 
Autumn and winter, however, are the seasons when, owing to the construction 
of houses and because of the greater need of food, the destruction of the aquatic 
vegetation is most intensive. 
In watercourses occupied by dense muskrat populations such destruction may 
reach considerable proportions. In the summer of 1946, there were 75 bank dens 
in Lake Liekovesi, in Tyrvaa. The following winter large numbers of muskrats 
moved to the lake from the surrounding waters and 250 muskrat houses were 
built; the year was very dry and the winter food resources everywhere decreased 
noticeably. But in Liekovesi, a widening of the river Kokemaenjoki, there were as 
yet no observable changes in this respect. In the following autumn (1947) there 
were 258 winter houses but in the autumn of 1948 only 150 (Table 1, p. 43). In 
a few years, however, the abundant muskrat population succeeded in destroying 
the dense aquatic vegetation of the lake to such an extent that by October 1948 
there were great open patches and the entire vegetation was very sparse over an 
area of about 20 ha. (Artimo 1952, Fig. 12). 
The author has no quantitative estimates of the damage inflicted by muskrats 
on the aquatic vegetation in the entire lakes and watercourses occupied by them, 
but the following approximate calculations may be mentioned. 
In Vahajarvi in Riihimaki Equiselum limasum formed dense and extensive beds before 
the arrival of the muskrats (about 1932) according to J. Valento (GRI). On July 8,1947, 
the author observed that there were only some isolated stalks of horsetails growing on the north-
ern and southern shores. On the western and eastern shores the beds were somewhat larger 
but very sparse. Scirpus lacuslris likewise used to form large uninterrupted beds but of these 
only a few stalks were left. Typha lalifalia had almost totally disappeared. There were numer-
ous broken passages of muskrat bank leads and den burrows around the lake and some fresh 
feeding platforms were found. In Paalijarvi, in the immediate vicinity of Lake Vahajarvi, 
where muskrats likewise appeared in 1932, there had earlier been a very dense bed of Nyphaea 
and the lake was quite white during their flowering time. On June 8, I counted a total of 10 
water-lily blooms. The disappearance of the vegetation from the lake took place mainly in 
1936- 38 when the muskrat population there was very large. After the destruction of the 
vegetation the muskrats also disappeared, although some bank dens in the lake have contin-
ued to be occupied. 
In the period 1935-39, the muskrat stock in SaariJarvi, Lammi, was very large, according 
to a farmer living on the shore of the lake. Before the arrival of the muskrats Scirpus lacuslris 
formed very large beds. In the years 1945-49, 1- 2 pairs of muskrats lived in the lake. At 
the end of this period, Scirpus was ouly fouud growing sparsely over an area of about 2 sq.m. 
The horsetail beds likewise disappeared when muskrats occupied the lake in great numbers. 
Equisetum now grows very sparsely around the lake and the water lilies have likewise almost 
totally disappeared. N uphar has fared better. 
According to P. Rajala, M.Sc. (oral statement), by 1946 muskrats iI); Lake Valkeajarvi 
in Pihlajavesi had destroyed the Scirpus lacuslris beds and some of Equisetum beds, which 
looked as if they had been mown. The first muskrats were found in the lake about 1939. 
Before the arrival of the muskrats the plants had formed a very dense and almost impene-
trable reed-swamp. 
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From Saaminki the fishery adviser A. Makela reports (GRI) that muskrats appeared in 
Lake Miehikkojarvi in the years 1939-40. In 1943-44 they were very numerous. The shores 
of the lakes were thickly fringed with rushes but by 1946 these had almost totally disappeared, 
as had the muskrats too. Muskrats could live in the lake almost undisturbed, for during 5 
years at most 30 muskrats were trapped and hence there were no excessive catches to destroy 
them. In Lake Sarkijarvi the number of muskrats was likewise very great. In 1945, a total of 
27 muskrats (mainly juvenile specimens) were caught in fish-traps but in the summer of 1946 
only one was found dead in a fish-trap. Both the Equisetum and Scirpus beds and the muskrats 
had almost completely disappeared. 
From Heinavesi the game-keeper E. Hiltunen reports (Nov. 5, 1946) that in the region 
between Lakes Varisjarvi and Suvasvesi muskrats decimated the Equisetum and Phragmites. 
The reed-swamp, which was earlier almost impenetrable by boat, had been remarkably thin-
ned by the dense population of muskrats in 1945-46. 
A number of observers of the Game Research Institute, among them Y. Marjamaki from 
Noormarkku, S. V. Liuksia from Lake Pitkajarvi in Kokemaki, Y. S. Rissanen from Lake 
Pielisjarvi, P. Pirskanen from Ruokolahti, and K. Soininen from the Iisalmi district made 
similar reports. 
From the observations reported above, it appears that Equisetum, Phragmites 
and Scirpus have borne the brunt of the depredations of muskrats. Damage 
done by muskrats to Nymphaea and Typha beds has also been considerable (d. 
also Koski 1946). 
It is significant, however, that the destruction caused by muskrats has contin-
ued only up to a certain point, for when the vegetation grew sparse the muskrats 
evidently moved away or at least the population became smaller so that there 
was enough food for the remaining muskrats. For instance in the longest-occupied 
regions, the area of the Kokemaenjoki basin, there are not, as far as the author is 
aware, any lakes in which muskrats had totally destroyed the vegetation. Lakes 
with sparse vegetation occur in many watercourses, it is true, but in most of them 
it cannot be said that muskrats caused there any large-scale damage. A certain 
equilibrium is evidently fairly soon reached. 
D. ReI a t ion s wit hot her s p e c i e s 
1. Competitors 
In Finland only the water vole and the Norway rat are noteworthyccmpetitors 
of the muskrats in regard to food and habitats. 
The water vole (A rvicola terrestris L.) is very common in Finland in water-
courses fringed with vegetation, i.e. in the type water systems were muskrats 
thrive. Water voles, however, also live in drier localities, such as gardens, fields, 
etc. (d. e.g. Siivonen 1956: 546). At the start of winter water voles migrate from 
the shores of watercourses to such localities (Werestschagin 1939). Similar obser-
vations were also made in Finland (verbal communication from A. Myllymaki, 
M. Sc.). Thus it does not compete with muskrats during their most critical season. 
5 
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Like muskrats, water voles subsist on aquatic plants but they generally also feed 
on plants growing on the shore and on dry land, as is seen from the list of food 
plants published by Wijngaarden (1954) inter alia. According to this author, in 
the Netherlands at least, the aquatic plants generally eaten by water voles are 
not identical with those devoured by muskrats. Water voles only eat Carex 
species, Scirpus and SParganium erectum to a very small extent, whereas the 
leaves of Typha and Phragmites are eaten in large quantities. It must also be 
borne in mind that during the summer water voles are usually content with the 
aerial parts of their food-plants (d. Bergstrom 1948). They are not such waste-
ful feeders as muskrats and the shoots left by the latter will still do for water 
voles, for the author has often observed these animals eating on feeding platforms 
of muskrats. The author has not observed water voles foraging far from the shore 
as muskrats do, but it seems that these animals seek their food quite near the 
shore-line or on dry land. 
Morphologically the muskrat is much better adapted for life in water and 
especially in watercourses which freeze in winter (Werestschagin 1939). In this 
respect, too, the water vole is more a shore-dwelling animaL In the years 1945-47, 
both the water vole and muskrat populations were very abundant, e.g. in water-
courses in the Kangasala district. Both species could be found towards evening 
feeding a short distance from one another. It seems clear that the two species 
can inhabit the same biotopes because their ecological niches are essentially differ-
ent. A large water vole population has evidently not prevented muskrats from 
penetrating to new watercourses. On the other hand, muskrats have never been 
observed to drive away water voles from their habitats, although they have been 
observed to attack water voles (p. 60). 
The Norway rat (Rattus norvegicus Berkenh.) occurs throughout South and 
Central Finland to as far north as Rovaniemi (e.g. Siivonen 1956: 587). It is 
largely dependent on human settlements. On the shores of watercourses it thrives 
well during the open water seasons, although its main food is not aquatic plants. 
Almost nothing is known of its relations with muskrats (d., however, Bednarik 
1956), but at most it can only be regarded as a very local competitor. 
Only the water vole has been able to occupy the same habitats as the muskrat, 
but it has not been able to retard or hinder the spread and establishment of 
this species in Finland. There is no native species which could sufficiently affect 
the economy of shore biotopes or utilize the shelter afforded by the aquatic vege-
tation, the animal food (chiefly mussels) and plant food or the practically unlimit-
ed possibilities for the construction of nests. Everywhere in Finland there are 
lakes and ponds, suitable for muskrats, which are in the process of filling in, and 
the muskrat has thus been able to fill an }}ecological vacuum.}} In this process of 
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establishment and expansion, lack of competition has evidently been one of the 
most important factors (d. also Hoffmann 1958: 130). 
2. Predators 
In addition to man, muskrats have many enemies among the vertebrates 
which exterminate even considerable muskrat populations. 
The main enemy in North America is the mink (Mustela vison Schreb.), whose 
range roughly coincides with that of the muskrat and which has evidently become 
specialized to prey on muskrats. Porshild (1945), for instance, mentions that in 
the delta of the MacKenzie river the main food of the mink consists of fish and 
muskrats. Errington (1939 a, 1943, 1946, 1954 a) reports that every year minks 
cause severe losses of muskrats. As a result of long-term investigations, however, 
he has come to the conclusion that the significance of minks in reducing muskrat 
stocks has been grossly overestimated. The majority of muskrats killed by the 
mink have been individuals driven away from suitable habitats and the mortality 
among such specimens is always high. The views presented by Errington deserve 
special attention here, because the minks that have escaped from farms especially 
in the coastal areas of Pohjanmaa and S. W. Finland (Siivonen 1956: 289) have 
increased in numbers to such an extent that they will soon become an important 
predator of muskrats in Finland, too. In 1952, a mink nest was found in Kauhava 
in which there were 18 muskrat tails (verbal information from the game warden, 
V. Huhtala). 
Our native mink, the European mink (Mustela lutreola L.), is known to prey 
upon muskrats in the Soviet Union (Lavrov 1931) and in Finland (Siivonen 1956: 
280). As European minks occupy the very biotopes which the muskrats have 
invaded, it might be expected that they would have benefitted from a new quarry 
and multiplied, so hindering the spread of the muskrats. But at the time of the 
first introductions of muskrats it happened that the numbers of European minks 
were beginning to decrease remarkably. In 1938-39 the decrease continued, and 
in 1940 the situation was frankly alarming: in 97.7 % of the communes in this 
country it had either totally disappeared or was only occasional, in 2.7 % the 
decline had ceased but the population was sparse. In only 0.6 % of the communes 
in Finland was there a sizeable European mink population (Voipio 1946). This 
low thus coincided with the very period when muskrats were extending their area 
at a rapid rate, and explains why the European mink did not retard the expansion 
of muskrats in Finland. 
The European polecat (Mustela putorius L.) is stated to have eagerly attacked 
muskrats in Central Europe (Ulbrich 1930, Hoffmann 1958) and in the Soviet 
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Union (Lavrov 1931). Several similar observations have also been made in Finland 
(Rasanen 1930 a). During the mild winters of the 1930's the range of this species 
reached a maximum and it was fairly abundant in Finland (Kalela 1940, 1948). 
However, although this species often lives beside water in summer, its winter 
habitats are mostly elsewhere - in the vicinity of human habitations. Being a 
less specialized species in regard to its feeding habits, the European polecat hardly 
had any noteworthy effect on the expansion of the muskrat. 
The fox (Vulpes spp.) is known to be a formidable enemy of muskrats in North 
America. Many investigations concerning the food of foxes indicate that parti-
cularly in autumn, winter and spring it preys on muskrats (e.g. Crosman 1927, 
Nelson 1933, Errington 1935, Hamilton 1935: 19-20, Hamilton, Mosley & 
McGregor 1937, Hatfield 1939, Scott 1943). According to Smith (1938), in Maryland 
»practically all trappers regard foxes as serious pests on marsh» (d. also Harris 
1952). Errington (1937 c) established that in 2~0 red fox dens in Iowa 1.3 % of 
the food remains originated from muskrats. In the previous years the figure was 
slightly lower. Furthermore Errington (1940, 1943) mentioned that the great 
drought of 1934 increased the proportion of muskrats in the diet of the foxes 
(d. also Murie 1936, Errington & Scott 1945). Gashwiler (1948) reports that in 
winter the foxes in Maine watch practically all muskrat houses and destroy many 
muskrats caught outside their protecting houses. Similar observations have been 
reported from the Soviet Union (e.g. Tretpak 1955). 
In Finland many observers have reported that muskrats contribute to the 
diet of foxes (Vulpes vulpes L., e.g. Tiitola 1938, Kahkonen 1946, Turunen 1948, 
Brander 1950 b, 1951 b). Lampio (1949, 1950, 1953) reports that out of 325 fox 
stomachs analyzed, 3.7 % contained remains of muskrats. The percentage was 
smallest in summer and increased steadily towards winter and spring. These 
data indicate that foxes attack muskrats in Finland in about the same degree as 
in North America. If the analysis had been confined to the stomachs of foxes 
living near watercourses, the percentage feeding on muskrats would certainly have 
been higher. It is known that immediately the ice is thick enough to bear them 
foxes start visiting muskrat houses and try to tear them apart. During the course 
of a single winter they examine every muskrat house many times (Artimo 1949, 
1952, Brander 1951 b). After severe cold when the walls of the muskrat houses 
have already frozen hard the foxes often fail in their attempts, but after long 
mild periods and in late winter they have been observed to take muskrats from 
the houses (e.g. Turunen 1948). Even if the muskrats escape, the destruction of 
the houses and the plunge holes will make their existence more hazardous at just 
the most critical period of the year. During very hard winters plunge holes may 
freeze; then the animals must move to other watercourses and fall an easy prey 
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Fig. 36. Fluctuations of the fox population in 
Finland in the years 1877-1949 according to 
the shooting statistics (left) and the game inqui-
ries (right) of the Finnish Hunter's Association 
(Lampio 1951). 
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to foxes, dogs and other enemies. In this way foxes evidently reduce our muskrat 
populations considerably. 
Remarkable fluctuations have occurred in the fox popUlations of Finland 
(Fig. 36). In the 1920's and 1930's when the muskrat was increasing in numbers 
and extending its range in Finland (Fig. 18, p. 28), the fox population was mini-
mal, but at the end of the 1930's it suddenly increased. In spite of this, the musk-
rat populations continued to increase. Since the beginning of the 1940's the fox 
population has remained very large. During the same period the muskrat stock 
has alternately increased and decreased and the expansion has continued, although 
at a slower rate. The danger represented by foxes was thus least during the period 
of the most rapid expansion and increase of the muskrat population in Finland, 
but foxes have obviously had no essential influence on the recent changes (since 
the beginning of the 1940's, Fig. 39). 
In Canada the caribou (Rangifer caribou Gm.) causes great damage to muskrat stocks 
by eating the houses, especially in years when food is scarce (e.g. Trippensee 1948: 367). In 
Lapland the reindeer (Rangifer tarandus L.) is likewise known to have destroyed muskrat 
houses (Jarvinen 1950: 153-154). V. A. Ruokonen (oral statement) observed that the mate-
rials used for construction of winter houses is very sought after as food by reindeers, which 
destroy the winter houses even more throughly than foxes. 
The significance of birds of prey in Lapland in reducing muskrat stocks may be consider-
able, too. Thus Brander mentions (ef. Hoffmann 1958:64) an observation made by V. Salkio, 
taxidermist, in Pelkosenniemi according to which remains of 2 muskrats were found in an 
eagle's nest, but after 2 weeks there were pieces of 30 muskrat specimens. 
The fact that, practically speaking, there has been no predatory animal here corre-
sponding to the mink in America may possible have assisted the expansion of 
muskrats in Finland. There is nothing to indicate that the temporary abundance 
of foxes had constituted any essential obstacle to this expansion. 
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IV. REPRODUCTION 
A. C han g e sin n est i n g h a bit s 
During the season of open water muskrats live in bank dens on the shores of 
watercourses. Such dens consist of a hole situated in a very sheltered place, be-
tween tussocks, among aquatic plants, under a stone or protected by tree roots, 
from which a passage runs into the bank. After 1-10 m., depending on the steep-
ness of the bank, this widens into nesting or dwelling burrows. These generally 
number 1-3, sometimes more. There is also sometimes m~re than one passage 
leading from the water level. A long-used bank den forms an intricate system of 
passages and burrows and it is there that muskrats give birth to their young 
during the summer or more seldom in grass dens built near the shore-line among 
the vegetation (d. Artimo 1952, 1956). Muskrats may also live in bank dens in 
winter, particularly in river systems. 
The houses are of different sizes and consist of a variety of materials (roots, 
stems or leaves of aquatic plants, d. e.g. Brander 1949, 1950 a, 1951 a-c, Artimo 
1952, 1956 and above p. 63). They are built in autumn before the freezing of the 
watercourses and are generally situated near the openings of bank dens, not far 
from the shore at the outer limit of the vegetation (d. Koskelo 1932). In extensive 
re~d-swamps (e.g. in bays or in ponds that are filling in) these winter houses may 
be situated anywhere within the region of the vegetation, even very far from the 
shore, and then are not all grouped near the openings of bank dens. The houses 
are used in winter both as dwelling sites (dwelling houses, with bank dens) and as 
breathing places to make foraging trips under the ice easier (feeding huts or shel-
ters). In running water these winter houses are not built at all, and muskrats live 
throughout the year in their bank dens. 
In the North American literature it is mentioned that the nominate race 
gives birth to its young both in houses and bank dens. Judging from the descrip-
tions, these constructions are very similar to those observed in Finland (e.g. 
Johnson 1925, Lantz lS26, Burt 1948, Dozier 1948 b, Bednarik 1956, etc.) 
In some places such as shallow muskrat marshes, muskrat houses are common, 
and then there are no bank dens. Hodgson (1924: 11) says: »Some people divide 
muskrats into two species, thusly - house and bank muskrats. This is erroneous 
for the simple reason that they build their houses of necessity out of the materials 
most easily secured and a house muskrat one year, in a certain locality may be a 
different species the next, because it builds its home in the bank of a stream .... 
Where muskrats live in marshes there are no banks, but there is any amount of 
bulrushes and other roots and grasses out of which they construct their homes.» 
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Johnson (1925: 261) likewise reports: »As in the case of beaver, muskrats do not 
always build houses. Whether they do so or not depends a great deal upon local 
conditions.» (d. Dozier 1948 b). Concerning the stream-dwelling muskrats in 
Iowa, Errington (1937d: 415) states: »A scattering number of lodges or feed-houses 
constructed of mud, debris, and fresh vegetation may be seen, but these are 
usually flooded or swept away in due time.» Gashwiler (1948) mentions the two 
ways of nesting in Maine and Sather (1958) reports the same thing from Nebraska 
(O.z. cinnamominus) , while according to Bednarik (1956), muskrats only build 
houses in Lake Erie in Ohio. 
In Finnish watercourses the young are very seldom born in muskrat houses. 
At the commencement of their spread (in the 1920's and 1930's) muskrats generally 
gave birth to their young in houses similar to the winter houses. Kivirikko (1940: 
83), for instance, writes that on shallow shores the houses are built of aquatic 
plants about 1 m. above the water level, inside which there is a nest burrow lined 
with grass, but in steep banks it builds bank dens. Nowadays, however, nesting 
in houses is a very rare and local phenomenon. The young are almost always 
born in bank dens. Unfortunately, there were no detailed studies on nesting in 
houses in the early days, but this may have been a very common phenomenon 
in watercourses with shallow shores and ample vegetation, as is indicated by the 
following reports of the observers of the Game Research Institute (1945): 
Alavieska, S. Nunala: nests only in bank dens, at one time used sometimes to nest in 
houses. Alavus, N. Jarvilehto: in the past muskrats generally nested in houses, now they have 
begun to nest in bank dens. Eura, F. Elo: muskrats mainly nest in houses. Eurajoki, G. Meri-
koski: in houses but also in bank dens. Forssa, H. Lahtinen: nests in houses when undisturbed, 
but actually mostly in bank dens. Honkalahti, A. J. Antila: muskrats have begun to nest in 
bank dens because they have been disturbed. Huittinen, H. Kirro: muskrat houses are found 
in marsh ponds. Ilmajoki, M. Rintala: in some woodland ponds I have found 4-5 muskrat 
houses, which are inhabited. Generally it nests in bank dens. J outseno, A. E. Vesomaa: some-
times nests in muskrat houses. Jamsa, H. Huhmarkangas: now nests in bank dens, I have found 
only 5 muskrat houses. Jamsankoski, E. Koskinen: there used to be muskrat houses. Nowa-
days the muskrats nest in bank dens. Karstula, 1. Takkula: I have observed soon after their 
arrival in the locality that muskrats nested in houses, later almost only in bank dens. Kausti-
nen, V. Valo: muskrat houses have almost totally disappeared, so I think they nest in bank 
dens, for they still live in the locality. Kiikka, T. Kero: nests in bank dens but young have also 
been found in muskrat houses. Kinnula, V. Kinnunen: nests in bank dens. I have not seen 
any houses for some years. Konnevesi, H. Moilanen: nests in bank dens, seldom in houses. 
Kortesjarvi, A. Karpi: at first they nested in muskrat houses, now mainly in bank dens. Bqys 
destroy muskrat houses in autumn. Koskenpaa, E. Blom: muskrat houses are found only on 
those shores where it is impossible to dig bank dens. Lappajarvi, M. Sadeharju: muskrat houses 
are found only in remote localities, for men destroy them. Porvoo, F. Wickstrom: young have 
been found both in muskrat houses and in bank dens. Raippaluoto, S. Westergard: previously 
nested in houses, now only in bank dens. Rautalampi, M. Hytonen: nests in houses, very seldom 
in bank dens. Simpele, R. Vartiainen: muskrats nest in bank dens. I have heard that muskrat 
houses were found only in Lake Saarijarvi. Taipalsaari, V. Utriainen: in muskrat houses. 
Tammela, E. Tuomola: at first muskrats nested in houses but once they had settled, they 
changed to bank dens. Viitasaari, H. Halmesmaki: after its arrival (1930-31) nested for some 
years in houses, later almost entirely in bank dens. Vimpeli, J. Hakalahti: nests in bank dens. 
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20 km. from the church muskrat houses are found in ponds . .Ahtava, U. R. Finnas: nests in 
bank dens because the houses used to be destroyed. 
In addition, the author has observed that muskrat houses still occur III the 
communes of Eurajoki, Eura and Taipalsaari. 
In the summer of 1945 the author made observations on nesting in muskrat houses in 
many remote woodland lakes with very shallow shores and luxuriant vegetation in Eurajoki 
and on the border of the communes of Eura and Lappi. In the low banks of these lakes digging 
would obviously have been very difficult. In three muskrats houses there were young (Mela-
jarvi June 19, Mutajarvi June 19, and Lutanjarvi June 22). In Mustajarvi there were six large 
houses on June 19, but of these I could examine only one. It was empty but, judging from 
fresh food remains, it was inhabited. 
Another region where muskrats still generally nested in houses in 1947 was Taipalsaari. 
There in summer (Aug. 6, 1947) I found in Soikkala bay many muskrat houses in use in a 
luxuriant Scirpus-Equisetum-Phragmites reed-swamp. The water had sunk 0.5-1.0 m. In one 
house there were young. Numerous obviously uninhabited bank dens were observed on the 
shores. The long trails leading from their openings were visible on the shore, which had be-
come bare. In one case the trail led to an abandoned winter house which was quite high and 
dry too. Owing to the difficult water situation the muskrats had apparently begun to nest in 
houses. The observer at Taipalsaari (V. Utriainen) reported that the muskrats there usually 
nested in houses (see above, d. also Ojasti 1952). J. Ojasti later reported (oral statement 1956) 
that muskrat houses were no longer so common as they had been. Muskrats reached Taipal-
saari in 1940-43 and in 1947 they were therefore still newcomers. 
What, then, has caused the decreased nesting in houses in Finland and the 
tendency to nest mostly in bank dens? 
Some of the muskrats introduced into Finland originated from Central Europe 
where they nest mainly (river and canal systems) in shore banks (Hoffmann 1958) 
but muskrats were also imported to Finland from North America, where both 
modes of nesting occur. Of one batch it was expressely stated (GRI) that the 
muskrats were not accustomed to dig in banks but nested in muskrat houses. 
Certain populations may perhaps be specialized to one or other of these modes of 
nesting, whilst others have variable nesting habits. If specimens belonging to 
both types were introduced, it is not surprising that both modes of nesting occur 
in Finland. The fact that muskrats nested in houses during the first phase of estab-
lishment seems to be beyond doubt. One of the reasons which have led to the dis-
continuance of nesting in houses may perhaps be the fact that when the muskrat 
populations increased, they considerably diminished the reedswamp vegetation, 
i.e. the material needed for the construction of muskrat houses. The decrease of 
aquatic vegetation can hardly, however, have been the reason, because the number 
of winter houses has not decreased but, on the contrary, these have become com-
moner all over the country. Indeed, the first young in spring were generally born 
in houses preserved over winter and repaired. It was not even necessary to build 
new houses for them. 
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The cause of the change in nesting habits may be the fact that houses were 
very generally destroyed in the 1920's and 1930's. This destruction was partly due 
to ignorance but to some extent it was deliberate, because the muskrat was an 
unwelcome newcomer in fishing waters, where it did much damage to the fishing 
nets. This damage was generally greatly exaggerated. The significance of the 
muskrat as a fur-bearer was then not generally recognised. And it was in spring 
that the houses were most liable to be destroyed when they were unprotected by 
the vegetation, whereas in autumn and early winter the vegetation, weak ice 
and snow protected them. Thus the populations which nested in bank dens sur-
vived best. According to the observations cited above, muskrats in remote lakes 
have preserved their habitat of nesting in houses longest, probably because they 
were undisturbed. 
I t is a sign of the great adaptability of muskrats that they can give birth to their 
young either in houses or in bank dens. In each individual case local conditions 
determine which nesting habit will be used (d. also Hoffmann 1958: 76). Originally 
both modes of nesting occurred in Finland, but evidently the destruction of houses 
by man caused the animals to abandon them as nests, if not entirely, at least to 
such an extent that it is possible to speak of a change in nesting habits in connec-
tion with acclimatization. Muskrats, however, are able to adapt themselves to 
certain changes in the environment that may occur during the breeding season 
(e.g. great changes in water level, d. p. 72) by beginning to breed in houses 
again. 
B. Attainment of sexual maturity 
There exist very conflicting data on the age of sexual maturity of muskrats. 
According to Arthur (1928), in Louisiana these animals reach sexual maturity at 
the age of 6 months. Lay (1945) states of the same race (O.z. rivalicius) that in 
Texas the first young are born before the mother is one year old, perhaps even at 
the age of 6 months. LeCompte (1925) and Lantz (1926) report of the muskrats 
in Maryland (O.z. macrodon) that the specimens born in spring breed in the 
autumn of the same year. Most writers dealing with more northern races, on the 
contrary, deny that this is possible (Jonson 1925, Errington 1937 b, 1939 b, 
Highby 1941, Grimm & Roberts 1950, Roslund 1951, Wragg 1953). Even so, 
however, in certain years specimens are found which have bred within a year of 
their birth (Errington 1951, 1954 b, d. also Sather 1958). According to Cahalane 
(1947: 536) when 9-10 months old muskrats may already give birth to young. 
Bednarik (1956) confirmed this for muskrats in Ohio marked as juvenile specimens 
and trapped gravid at this age. Miegel (1953) come to the conclusion that in 
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Central Europe muskrats have already reached sexual maturity at the age of 5 
months (d. also Hoffmann 1958: 48). From the British Isles Warwick (1940) 
reports that there is no evidence that muskrats breed before they are one year old. 
In Finland, the author has examined altogether 46 juvenile muskrats (21 
males and 25 females) caught in the period August-February 1946-47. They 
were verified to be juvenile or sub adult specimens on the basis of the degree of 
extrusion below the bone line of the anteriormost buccal fluting on the first 
upper molar (Sather 1954, Olsen 1959a). No signs could be seen in the genital organs 
that these specimens had bred: their uteri were stringlike and thin, with hard 
walls. There were no signs of placental scars. The testes of the males were distinctly 
~maller (d. Errington 1939 b) than in adult males examined simultaneously. 
These observations indicate that in Finland muskrats do not breed during 
their first year, but by the next spring they are already capable of reproduction, 
for in male muskrats (70 specimens) caught in and after mid-April descensus had 
taken place and study of the teeth showed that 58.5 % of them were young of the 
foregoing summer, the rest older. 
C. Number of litters 
The gestation period varies from 20 to 30 days (Errington 1937 b, Smith 1938, 
Enders 1939, Forbes & Enders 1940, Beer 1950, McLeod & Bondar 1952, Wragg 
1953, Bednarik 1956). Observations made in nature also indicate that litters are 
born at intervals of about one month (Errington 1937 b, 1940, Gashwiler 1950, 
Dorney & Rush 1953, Olsen 1959b). The numberofmuskratlitters were thus chiefly 
dependent on the length of time suitable for reproduction. In the region of severe 
climates they have no time to produce as many litters as in areas with milder 
climates. 
The question of how many litters the same female is able to produce during 
the breeding season is very difficult to determine by observations made in nature. 
Very rarely is it possible to make observations on the same female during the entire 
breeding season, but to ascertain the number of litters the counting of placental 
scars has been recommended. Although there has been no detailed study of their 
reliability as indicators of the number of young born, results based on their 
number (McCann 1944, Sooter, 1946, Beer & Truax 1950, Gashwiler 1950, Grimm 
& Roberts 1950, Roslund 1951, Wragg 1953, Wilson 1955, Sather 1958, Olsen 
1959b) are very consistent and thus seem to correspond to reality. 
The number of litters of southern muskrat races (rivalicius, macrodon), which 
breed almost the whole year round, varies from 3-6 per year (LeCompte 1925, 
Lantz 1926, Arthur 1928, Svihla & Svihla 1931, O'Neil 1949, Wilson 1955). Only 
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2-3 litters, however, have been noted in caged muskrats (Smith 1938, Leonard & 
Gorman 1946, Harris 1952). 
It is considered that 1-2 litters per year is the rule in northern races (e.g. 
Shiras 1921, Bailey 1929, Porshild 1945, Stevens 1953). From Iowa, Errington 
(1937 b, 1954 b) gives 2.3-2.9 (2-3) litters per female as an approximate figure 
for the nominate race. In certain years the number of females which have produced 
4 litters may be even as great as 23 %. Wragg's (1953) observations from Ontario 
based on placental scars and on young in the field indicate that muskrats there 
produce two litters a year. According to Beer (1950) and Mathiak & Hale (1953), 
in Wisconsin muskrats have as many as 3 litters in certain years. In the northern 
parts of the range of the nominate race muskrats thus produce approx. 2-3 lit-
ters per year (d. also Gashwiler 1950, Bednarik 1956). 
Corresponding results have been obtained in Central Europe, where muskrats 
are said to produce 3-5 litters a year (Ulbrich 1930, Mehl 1931, Miegel 1953). 
According to Pustet (1936), the commonest number is 3. Hoffmann (1958: 48) 
writes: »Ftir Sachsen-Anhalt, und damit wohl auch fUr andere Gebiete Mittel-
europas, k6nnen als Norm vier Wtirfe angenommen werden, namlich drei von den 
Alttieren und ausserdem noch ein Wurf von den Jungtieren des 1. Wurfes. » In 
France muskrats generally produce 3 litters a year (Chappelier 1948). From the 
British Isles it is mentioned that two litters are common and 3 rather rare (War-
wick 1940: 184). In the Soviet Union, Vinogradov & Gromov (1952) have estab-
lished that muskrats in northern regions have 1-2 and in more southern localities 
3-4 litters per year. 
There are only a few field observations from Finland. From Kurkijoki Rasa-
nen (1930 a) reported that on Aug. 23, 1930, two juvenile muskrats weighing 
190 grams and 470 grams were caught in the same pound trap, and supposed that 
in the watercourse in question a female specimen had possibly produced two 
litters during the summer. Korvenkontio (GRI) reported that in September 1928 
two litters were found in adjacent passages of a single bank den in Lammi. Each 
consisted of 5 young, some being large spring young, others small and about the 
size of water voles. A similar observation was made at the same time on the 
southern shore of Lake Kuohijarvi (Lammi). 
In 1947-48 the Game Research Institute arranged for a trapping party of 16 men to 
collect material throughout the year to settle the question of the breeding season of the musk-
rats. In addition to this material, the author had at his disposal more recent material sent to the 
Game Research Institute. In the records of Korvenkontio (GRI) there are some notes about 
nests. In the Zoological Museum of the University of Helsinki there are specimens, caught 
during the period 1929 - 32, of juvenile muskrats and young taken from nests. On the basis 
of this material and additional personal observations made in the years 1945-48, it has 
been possible to compute the time of birth with the aid of measurements published by Erring-
ton (1939 b) and Dorney & Rush (1953, d. also Olsen 1959 b). 
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Fig. 37. Dates of birth of muskrat litters. 
In Figure 37, data on the date of birth of 82 muskrat litters are presented. It 
seems that the first young are born in the first week of May. Their number then 
gradually increases and most young are born in the first week of July. The last 
are born in mid~August but some even as late as the middle or end of Sep-
tember (one observation of each). In the records of Korvenkontio (GRI) there 
is a note that in Lammi in South Harne 4 blind young were found at the begin-
ning of September (1929). They were consequently not more than 2 weeks old. 
The observations from different years thus show that in South and Central Finland 
the young are born from the beginning of May to mid-August, most of them, 
however, during June-July. Korvenkontio (1929 a), however, stated, that the late 
litters are not born until September-October - which has been verified - and that 
they are still half-grown at New Year. According to Airaksinen (1927), the autum-
nal young are not yet mature at the beginning of December whilst some are 
still quite undeveloped. This refers, of course, to observations of rather late litters. 
In Soviet Karelia, the breeding season of muskrats begins, according to Marvin 
(1939), during the break-up of the ice, i.e. just as in Finland. Owing to the more 
continental climate of Soviet Karelia, the time for the break-up of the ice is some-
what later than in Finland, and breeding thus starts later than in South and Cen-
tral Finland. The first litters appear there in May-June. The last litter found was 
born in the second week of September. Such late litters are known in Finland, too, 
but they are probably not very common in East Karelia either. The earlier onset of 
autumn in that region may limit the breeding season to a rather shorter time than 
in South and Central Finland. 
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Examination of placental scars in 20 muskrats sent to the author in 1947 
showed that only 4 of these females had placental scars. The very distinct scars 
were visible as dark brown, almost circular spots 0.5 em in diameter. In a spe-
cimen caught in TyrvantO on Sept. 10 there were 11 (5+6) placental scars. This 
female had thus obviously had two litters. In a female from Lokalahti trapped 
.on Sept. 9 there were only 5 scars (3+2); it had thus produced only one litter. 
A specimen caught at Ylamaa on Dec. 7 had 12 scars (6+6) and a female trapped 
at Kangasala on Dec. 21 had 14 (7 + 7) scars. Both the latter had obviously had 
two litters. 
These observations indicate that, in the southern parts of Finland at least, 
muskrats produce two litters per summer, but some females only one. The length 
of the breeding season, from May to mid-August (d. Fig. 37) and the production 
.of litters in nature at intervals of about one month (p. 74) would make even a third 
litter possible, but there is so far no evidence that this occurs. Reports that in 
Finland, too, muskrats produce 3 litters during the summer (e.g. Hannelius 1948) 
,do not appear to be based on field observations. 
D. S i z e 0 f lit t e r s 
In the southern muskrat races (macrodon, rivalicius) with a much longer breed-
ing season (LeCompte 1925, Lantz 1923, Arthur 1928, Svihla & Svihla 1931, 
Smith 1938, Lay 1945, O'Neil 1949, Harris 1952, Wilson 1955) the approximate 
numbers of embryos (3.6-4.4) and young born (2.4-3.0) are, in complete accor-
dance with Rensch's rule, distinctly lower than those of the nominate race (6-9 
,and 3-9, Johnson 1925, Errington 1939 b, 1951, Seemans 1941, Hewitt 1942, 
McCann 1944, Burt 1948, Mathiak 1948, Beer & Truax 1950, Gashwiler 1950, 
Grimm & Roberts 1950, Roberts & Early 1952, Dorney & Rush 1953, Wragg 
1953, Bednarik 1956). When transferred to more southern localities, the nominate 
race has maintained its higher number of embryos and young. Although in Cali-
fornia, for instance, its period of reproduction is very long, the number of embryos 
is nevertheless 5-6 (Dixon 1922, Sooter 1946). Correspondingly, the muskrats in 
Central Europe, where the reproduction period is likewise very long (according 
to Hoffmann, 1958, December is the only month in which embryos have not been 
found), have maintained the high number of embryos and young typical of the 
race. According to Hoffmann (op. cit.), the mean number of embryos is 6.8 and 
according to Miegel (1953) the number of young varies so that it is approx. 7 in 
the first litters, later 4-5, but in young muskrats 3-4 (d. also Warwick 1940, 
Matthews 1952). The same is true of muskrats of the nominate race acclimatized in 
.the region of Syr Darja, in which the average number of embryos is 8 (Lavrov 1950). 
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Fig. 38. Numbers of embl'Yos (hatched) and young (black 
columns). 
The data on the numbers of embryos of 25 muskrats caught in South and Cen-
tral Finland and the number of young in 51 nests found, are presented in 
Figure 38. The numbers of embryos in Finnish muskrats varies between 1 and 10 
(mean 6.8). The mean is thus approximately the same a,s that of the nominate 
race in its native country. Raekallio (1938) reported that as many as 12 embry-
os were found in Finnish muskrats but such numbers may be exceptional. 
The number of young in litters varies between 1 and 10 (mean 4.8). The mean 
corresponds to the lower means reported for the nominate race from the native 
area. From Soviet Karelia Novikov (1936 a) reported that the numbers of young 
varied from 4 to 6. As the data available so far are rather meagre, however, it isnot 
yet possible to conclude that in Finland and in Soviet Karelia the mortality 
of embryos (or young) is higher that in the native area in North America. 
v. POPULATION TRENDS 
A. G row tho f m u s k rat pop u 1 a t ion s 
The changes in muskrat populations can be followed from the annual reports 
of the observers of the Game Research Institute and the Association of Finnish 
Hunters (p. 9). From the graph based on these notes (Fig. 39) the following points 
emerge: 
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Fig. 39. Fluctuations of muskrat populations (scale at left) and catches (right). Fluctuations of 
populations (--) and catches (--) in the entire country. Fluctuations of populations in 
the province of Vaasa ( ......... ) and Hame (---). 
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Muskrat populations in this country increased remarkably between the years 
1929 and 1937, when the first great maximum occurred. During this period musk-
rats colonized extensive regions in South and Central Finland (Figs. 10-12). 
A distinct and considerable decline took place after the year 1937. Although a 
slight rise could be observed in 1941 a distinct minimum occurred in 1944. Even 
after 1937, muskrats continued to invade new areas in South and North Finland 
(Figs. 13-16). After the minimum of 1944, a new period of increase began. In 
spite of slight decreases during certain years, the population in the spring of 
1950 was already stronger than it had been during the previous maximum (1937). 
The increase then continued, only interrupted by a slight low in 1953, until the 
spring of 1955, which was the peak year of the Finnish muskrat populations. In 
the years 1956-1958, a distinct decline has again been observable. 
The fluctuations in numbers of the muskrat populations of the oldest muskrat 
areas of Finland, i.e. in the provinces of Harne and Vaasa, are very typical of the 
situation throughout the country (Fig. 39). Muskrats had occupied these regions 
almost completely by the year 1937 (Fig. 12). The only difference is that in these 
provinces the muskrat populations have at almost all times been a little larger 
than in the country as a whole. However, in the worst low (1944) the populations 
in these provinces became distinctly smaller than elsewhere. (The discrepant value 
for the populations in the province of Harne in 1940 is based on exceptionally few 
notes and is therefore unreliable.) 
The official statistics for catches also reveal changes in the muskrat stocks 
(Artimo 1953). The numbers of animals caught increased abruptly up to the year 
1937 (Fig. 39). The catches then decreased equally abruptly until the low of 1944. 
In 1945, muskrats were protected. After 1947, a sharp rise occurred in the numbers 
caught; this persisted until 1950, being then followed by a period of rapid decline 
until 1953. In 1954 muskrats were again protected and in the spring of 1955 
a new record catch was achieved (over 600000), which was 2.5 times as great as 
the maximum catches in 1937 and 1950. In spring 1956, the catch then decreased 
to 1/3 of the numbers trapped in the foregoing spring and the decrease continued 
in the year 1957; the catch increased in 1958 and decreased again in 1959. 
When discussing the reliability of the inquiries concerning the changes in populations 
made by the Finnish Game Research Institute, Siivonen (1951) showed that when the figures 
for abundance, e.g. of the snow hare, capercaillie and black game, obtained from the game 
inquiry were 1.01-1.50 the catches were 1.5- 2.5 specimens per 10 sq.km. When the figures 
rose to 1.51-2.00 the catches amounted to double this value (4-5 specimens per 10 sq.km.), 
when the figure increased still further to 2.01-2.50, the catches increased threefold (8-9 
specimens per 10 sq.km.). Evidently, by analogy, both the rises and the falls are magnified in 
the statistics for muskrat catches (Fig. 39). These same differences may be still further exag-
gerated by the changes in the intensity of muskrat trapping. Already in autumn and winter 
trappers can estimate the probable catch the following spring from the numbers of winter 
houses. If the population seems to have decreased considerably, the profitableness of trapping 
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becomes questionable and it will not be undertaken with such intensity as when good lIesults 
are anticipated. 
The following essential features can be observed in the growth of Finnish 
muskrat populations. The growth of the population has occurred in two phases. 
There was a first phase of rapid increase up to the year 1937 resembling the phase 
of logarithmic growth of populations. Elton, e.g., (1949: 111) says: »Many of the 
most striking cases of sudden increase in animals occur when a species is intro-
duced into a country strange to it ... ». From 1938, there followed a distinct phase 
of decline lasting for 7 years (with small rises between). Thereafter the phase of 
logarithmic growth continued again, beginning from the year 1944, and reached 
its peak in the record abundance and record catches of the year 1955. Then a 
new phase of decline set in. Had the populations in the year in question perhaps 
already reached their maximum density? It is still too early to draw any final 
conclusions, because it is not yet known how dense muskrat populations can 
become in favourable conditions in Finland. Nor can we say with certainty whe-
ther our muskrat stocks have already reached the state characterized by normal 
fluctuations, i.e. whether muskrats can be considered to have finally become 
acclimatized in Finland. In the springs of 1954 and 1955 muskrat populations were 
already so abundant that they caused considerable local destruction of the aquatic 
vegetation. Thus it would seem that the populations can hardly become much 
more abundant without seriously threatening their food resources. It thus seems 
that in the muskrat acclimatization can be said to have almost reached its final 
phase in Finland. 
From catch statistics Innis (1927: 35) demonstrated that fluctuations in num-
bers of Canadian muskrats show a lO-year periodicity. Later Elton & Nicholson 
(1942) analyzed theoe and more recent Canadian catch statistics in detail and 
carnes to the same conclusion. In muskrats, however, the periodicity is less distinct 
than in the Canadian hare (d. also Errington 1951, 1954 b). Because the logarithmic 
growth period in Finland was interrupted by a decline lasting many years, it 
might be thought that this was dependent on periodicity (d. Artimo 1945, 
1949, 1953). Owing to the shortness of the observation period, however, it cannot 
be decided whether or not a similar lO-year periodicity occurs in Finland. In the 
Soviet Union, Lavrov (1955 a) has not yet been able to verify this type of periodicity 
in muskrats either. 
B. Catches 
At first, muskrats were looked upon with disfavour owing to their habit of 
digging in shores and banks, and on account of the destruction they caused to 
the fish nets and to the aquatic vegetation. Nests were destroyed on purpose in 
6 
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many localities. Severe damage caused by muskrats was feared as a result of 
alarming reports from Central Europe (e.g. Liro 1924, 1925) and trapping was at 
first permitted throughout the year. 
In 1934, an inquiry was made by the Ministry of Agriculture in order to investi-
gate the damage inflicted by muskrats and the profitableness of muskrat trap-
ping (Klemola 1937 b). This clearly demonstrated that people had learned the 
value of the muskrat as a fur-bearer. As complaints of the damage turned out to 
be greatly exaggerated, a close season every year from May 15 to December 31 
was declared (Feb. 8, 1935). In 1938, muskrats were totally protected and there-
after trapping has been allowed during a short time from the end of April to the 
beginning of May. In Lapland and North Finland and in certain provinces of 
Central Finland the trapping season has generally been about one month longer 
than elsewhere in the country. In 1945 and 1954 muskrats were totally protected 
throughout Finland, and in 1947 in Lapland. 
As muskrats spread and the populations increased in size, trapping became more 
intensive. In the war years (1940-1945) the number of trappers was considerably 
reduced and this may have significantly affected the size of catches. In the Soviet 
Union the same circumstance may have diminished the catches during these 
years (Semenov 1950, Lavrov 1955 a). In central Europe, effective trapping has 
caused a decrease in the numbers caught (Hoffmann 1958: 191-195). This source 
of error, however, does not affect the curve of the abundance of muskrats, because 
the reports on which this is based are sent in before the trapping season. It must 
also be borne in mind that the abundance of populations and the catch statistics 
had already decreased before the war. After 1945, muskrat stocks and catches 
increased. The number of trappers also increased, simultaneously, however, be-
cause the post-war depression and hope of easy money lured many trappers to 
muskrat shores. Yet both in the 1930's and in the 1940's, after the war, and at 
the beginning of 1950's the muskrat stocks and catches increased in spite of 
intensive trapping. Hence trapping has obviously not been so efficient as to ac-
count for the fluctuations noted in the muskrat populations throughout the 
country. The same conclusion was drawn by Pirnie (1941) on the basis of studies 
made in Ohio, Southern Ontario and Michigan. 
After their protection in 1945 and in 1954, muskrat stocks have likewise 
become distinctly stronger and catches have increased. From this, it might be 
concluded that protection significantly promoted the increase of populations. 
The protection in the year 1945, however, came into force at a time when the 
increase of muskrat populations had already started in many localities. The 
worst phase of decline was already over (Artimo 1945). In spite of protection, 
poaching was very common and the effectiveness of the measure became very 
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questionable. In the year 1954 protection was quite unnecessary and came in for 
very severe criticism in fur circles, for in that year muskrat stocks were very 
abundant in many localities. Here, too, it is doubtful whether protection was 
beneficial. The populations were so abundant that even without protection they 
might have been able to reach the peak of 1955. The effect of trapping and 
protection upon the development of muskrat stocks is thus difficult to assess. 
C. Hydrographic factors 
Muskrats thrive best in watercourses where the water-level is relatively stable 
(pp. 41-42). The regulation of water-level has been shown to promote the growth 
of muskrat populations (pp. 50-51). 
There have been many observations on the harmful effect of unfavourable 
water conditions upon muskrats (Anonymous 1935, Brander 1951 b). 
At the PorIa Fish Cultivation Station in Lohja, the following observations were made in 
Aug.-Sept. 1950. The muskrats living on a shore successively lengthened their trail leading 
from the bank to the water. On Aug. 1, the end of the trail at the highwaterlinewas on dry land, 
about 5 m. from the shore bank. On Aug. 15, when the water-level had fallen lower, the trail 
ended at a distance of about 10 m. from the bank, on Aug. 30, at 17 m. and on Sept. 15, at 25 
m. from the bank. As the water-level changed the muskrats continued to lengthen their trail 
and its end was visible on the days in question as a small widening. The new trail branched 
off from the end of the previous trail a little sidewards. Finally, when the water-level sank still 
lower, the muskrats had to move away. 
Many reports (GRI) made in different years contain informaticn on the effect of changes 
in water-level upon muskrat populations: 
A number of muskrats died in the winter of 1929 in Luopioinen becauEe the water-level 
was unusually low and the plunge-holes had frozen (V. Korvenkontio). E. Perkkola reported 
that in the Saimaa basin region the water-level in 1946 was noticeably lower during the sum-
mer also. In shallow-shored lakes (e.g. Puruvesi) wme of the homes were left on dry land. 
The animals had to dig passages as much as 100 m. long. The muskrats decreased considerably 
in numbers. A. Pan tzar (Dec. 26, 1946) wrote from Kyyvesi that the preceding winter had been 
a hard one for muskrats. The water-level had fallen and the passages froze to the bottom, 
many muskrats died in their houses and in summer many dead muskrats were found. The 
mortality was very heavy, especially in shallow bays. U. Koivula (1946) stated that in such 
lakes as Vanajavesi, where the fluctuation of the water-level is 2 m., muskrats had difficulty 
in getting to the water from their bank dens in the winter. Whole litters had been found 
dead in bank dens. Likewise spring floods drove the muskrats away from their nests. From 
Karjalohja P. Jalava (Jan. 11, 1947) reported that in the autumn of 1946 the muskrat was 
abundant. There was little water in winter and many of the nests were frozen. Movements of 
muskrats on the ice were observed, as they looked for openings. From Ruovesi L. Merisalo 
reported that in the winter of 1946/47 muskrats stocks suffered from the fall in the water-level 
and many died. The same winter there were many similar reports from other localities, and 
correspondingly for other winters. From Tyrvaa A. Lounamaa reported that in December 
1938 the water in the Kokemaenjoki basin rose by about 2 m. The muskrat bank dens filled 
with water, the openings of the burrows froze, and the animals were trapped inside. In the 
spring numerous dead muskrats were found in the water. J. Raekallio wrote that in the winter 
of 1937/38 muskrats abandoned the shores oflake Ladoga and its archipelago after having been 
very common in bays rich in vegetation, emigrating along streams and even to small ponds. 
The cause was a lowering of the water-level of Lake Ladoga by 40 cm. The vegetation was left 
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Fig. 40. The growth of the muskrat population in the entire country (in the middle, scale at left) 
and the variation in discharge from Huopana Rapids and Lake Evijiirvi (cub. m./sec., scales at right) 
in ] anuary-M arch. The area between the parallel lines: the average variation in discharge. 
high and dry and on account of the hard winter the water froze deep. I. KekaHiinen wrote 
(March 15, 1950) that in the autumn on 1950, owing to the high water-level, muskrats built 
their bank dens higher up the shores in Rautavaara, but the nests froze in winter and the 
muskrats perished. K. Soininen (May 14, 1954) stated that in Lylyisjarvi, Suonenjoki, 40 bank 
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dens were marked in autumn. Next spring the trappers observed that the whole muskrat popu-
lation had been destroyed. The water had risen 1 m. during the winter and this caused their 
destruction. 
Muskrats are in some degree able to adapt themselves to the changes in 
water-level at least during the season of open water (d. e.g. p. 72). During dry 
seasons and when tt.e discharge is small and when driven by unsually severe 
spring and autumn floods, muskrats have been observed to move to more suitable 
shores. Great changes, hcwever, especially when they occur in late winter, can 
have a very destructive effect on local populations. 
Changes in the discharge (cub.m./sec.) in the Huopana Rapids in the years 
1932-54 during the most critical period of the year presented in Figure 40 (Year-
books of the Hydrographic Bureau 10-15. In addition, later unpublished data 
were kindly placed at the authors' disposal). It illustrates the situation in typical 
parts of Lake-Finland. The other diagram shows the situation for Evijarvi, i.e. 
from the coastal region with rivers. On the basis of the annual reports of the Hydro-
graphic Bureau of Finland it can be established that similar situations have arisen 
in different years in all parts of the country. During the period 1932-37 when 
the muskrat populations were increasing rapidly, the discharges in the Huopana 
Rapids and Lake Evijarvi were greater than normal. The late winter of 1934, 
with a very low discharge, was exceptional, but it did not affect the continuous 
increase of the muskrat populations. In spring 1937 the discharges were distinctly 
below normal but the muskrat populations were nevertheless at a maximum and 
record catches were obtained. Now followed a low-water period lasting many years, 
and throughout this time until 1942 the muskrat stocks were small. In the springs 
of 1943-45 the discharge was a little higher than normal, but the muskrat popu-
lations continued to decrease in numbers towards the low of 1945. Since then, the 
fluctuations in the discharge have been fairly normal (Evijarvi) or a little smaller 
than normal (Huopana) and the muskrat populations have again increased. In 
the spring of 1950, when the catches were good, the discharge in late winter was 
small and the fluctuations, especially in Lake Evijarvi, very great indeed. 
Although an unfavourable water situation may cause great losses in muskrat 
populations, they probably had no really harmful effect on muskrat stocks in 
Finland. Evidently the fluctuations in discharge have been so slight that their 
injurious effect has been restricted to local cases, chiefly to shallow shores where 
even small fluctuations are significant. 
The decline after 1937 took place during a period characterized by a most unfa-
vourable water situation which, coinciding with other detrimental factors, may even 
have resulted in losses, whereas the new period of increase from 1945 onwards took 
place at a time when the wa ter situation in late winter was generally fairly fa vourab Ie. 
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D. Win t e r con d i t ion s 
During severe winters, the danger of total freezing of watercourses is very 
great, particularly on shallow shores where foraging will then be more difficult 
and the muskrats may die of hunger (e.g. Cox 1936, Hamerstrom & Blake 1939, 
Aldous 1947). If under such circumstances they move to other watercourses in 
search of open waters, as has often been observed, they frequently perish (Osgood 
1938, Smith 1938, Highby 1941, Errington 1939 a, 1940, 1941, Porshild 1945, 
Gashwiler 1948, Rand 1948). Observations on the destructive effect of severe 
winters up on muskrat stocks have been made in Central Europe and in the 
Soviet Union, too (Semenov 1950, Hoffmann 1958, Karpukhin 1958). 
The essential significance of the winter conditions is demonstrated by numer-
ous records filed in the archives of the Game Research Institute. 
N. Hernemaa, of Lehtimaki, reported that in winter 1949/50 the gronnd was unfrozen 
and then came a frost of ~30° C, the ground and water freezing to a depth of Y2 m. The musk-
rats moved away to search for open water but died on the way. Numerous dead muskrats 
were found that winter. T. Sovinen, of Varkaus, wrote that in January 1950 a car ran over a 
muskrat in the middle of the market-town of Varkaus. E. Korpi, of Multia, reported that a 
muskrat was found on January 5, running on the ice. O. Vohlonen, of Oulunsalo, stated that 
at the end of February 1950 a muskrat was living in his neighbour's barnyard, which was 800 m 
from a lake. M. Rintasalo, Ilmajoki, reported that in the winter of 1949/50 muskrats had to 
move from some clay pools because these froze to the bottom. One specimen was killed in a 
grain store 500 m. from the nearest pool, which was dry. A muskrat stiff with cold was run 
over by a vehicle in January 1950. T. Maki, Humppila, reported that on Jan. 1, 1950, a musk-
rat was found on the snow in a field. V. Webor, Juva, stated that after severe frosts in the 
winter of 1950 muskrats were seen moving over the ice and in the woods. T. Auvinen, Korpi-
lahti, stated that in winter 1950 muskrats were seen running on the ice and many specimens 
were found frozen to death. T. Nieminen, of Keuruu, found two dead muskrats on the ice. 
W. BJorn, of Koskenpaa, saw muskrats on the ice in the beginning of February. In January~ 
March, 1950, V. Mikkola, of Raakkyla, observed muskrats moving on the ice. T. Hamalainen, 
of Rautalampi, saw unsually large numbers of muskrats moving on the ice. T. Karjalainen, 
of Siikajoki, reported that between Feb. 8~ Feb. 22, 1950, movements of muskrats on the ice 
were very common. F. Yli-Lantta, of Ullava, found one dead muskrat on the ice in March 
1950. In January E. Halmesmaki, of Viitasaari, noted unusual movement of muskrats on 
the ice of small lakes. J. Huttunen, of Vesanto, reported that muskrats abandoned shallow 
ponds during the period Jan. 15 - Feb. 10, 1950, I. Kekalainen, of Rautavaara, stated that 
the winter of 1950 was destructive to muskrats. The nests were frozen. In January 1950, a 
muskrat was found in the larder of a house. At the beginning of February, 1950, U. Finnar, 
of Ahtava, observed signs of a group consisting of 5 muskrats in a forest many kilometres 
from the lake. Single specimens were found near villages where they were taken for rats and 
killed. H. Seppala, Lappajarvi, reports that in the autumn of 1949 muskrats were excep-
tionally numerous in Lake Menkijarvi. There was little snow that winter but severe cold 
spells in which the shallow bays froze to the bottom, and the winter houses were also frozen. 
At least 4 specimens could be verified to have moved away. Two specimens were found dead 
and decayed on a lake shore 4.3 km. northeast of Lake Lappajarvi. Previously a catch amount-
ing to several dozens was trapped from the lake, but in spring only one specimen was 
caught. In winter 1949/50 O. Haggblom, Lappajarvi, found 2 muskrats dead Y2 km. from the 
shore of the lake. 
Of the various factors possibly causing winter mortality in muskrat popula-
tions, the fluctuations in the length of the time when the watercourses are under 
Population trends 87 
rn 
::J\ 
~ 2.0 
190 ., /. , 
180 
170 I 
·1 
160 
,. 
. I , . 
150 1.5 ... 
140 I °C 
130 ,\ \ ., !O 
" 
\. '."' 
120 " 
1 
, , 
" , I , I -2 , I , \ , I , t ... 1.0 , I , , 
\ ' , ',I II I -4 -3.5 l , \ II, \ , , 
,~' , \, , : " , ' , ' -6 ,
~,I", ' 
I, 
" I I , 
0.5 I' -8 
" " • 
-10 
-12 
1930 1934 1938 1942 1946 1950 1954 1958 
Fig. 41. The fluctuation of the muskrat population in the entire country (---) and the lenght. 
of the ice period in the district of Roine-Liingelmiivesi (area IX) in the winters of 1931/32-
1958/59 (-. -. -) and the mean temperature of winter period (XI -IV) in Tamperein 1929/30-
1958/59. 
ice seem to show the greatest correlations with changes taking place. In Figure 
41 the fluctuations in the length of this time in the area IX (Fig. 2), during the 
winters of 1931/32-1958/59 are presented (on the basis of data in Yearbooks 
of the Hydrographic Bureau). 
From the diagrams it can be seen that relatively shorter winters preceded the 
first period of increase in muskrat populations (only the winter of 1933/34 was 
clearly longer than the normal one, 150 days), Thus the peak in 1937 followed a 
short winter. The period of decrease which started in 1938 occurred after a. winter 
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which was longer than normal. The winters of the regression period which then 
set in were considerably longer than normal. The new phase of population 
increase after the winter of 1944/45 began when winters of about normal length 
prevailed. When the cold period again lengthened (in the winters of 1955/56 and 
1956/57), the muskrat populations became distinctly smaller. 
In Lapland, where the length of the winter is approximately 210 days, musk-
rats prefer living in streams (p. 51) which are the most favourable biotopes during 
the winter. 
In spite of the distinct correlation between the length of the winter and 
the changes in muskrat populations, other factors acting during this time seem also 
to influence the outcome. 
The mean temperatures of the winter period (XI-IV) and the normal means 
in Tampere (area IX; Monthly Surveys of the Meteological Office 1928-59) 
are presented, too (Fig. 41). The climatic conditions in this region give a good 
idea of the situation in those areas where our muskrat stocks are most abundant. 
In the winters of 1931/32-1954/55 the mean temperature fluctuated fairly 
evenly around the normal one (-3.5° C). The first phase of increase in muskrat 
populations occurred during mild winters. In the years 1940-1942 losses took 
place during the very severe winters. The muskrat populations then continued to 
decrease, it is true, even through the temperature became noticeably more favour-
able. After the low of 1944 the muskrat stocks became more abundant. During 
this time the winter temperatures fluctuated around the normal, i.e. there were 
mild winters. 
An examination of the relation of winter temperatures and trends in muskrat 
populations indicates that only the severest winters have been able to diminish 
the muskrat stocks, as obviously happened during the winters of 1939/40-
1941/42 (d. Merisalo 1944). The fluctuations in winter temperatures at least within 
the limits occurring in Finland have evidently not affected the muskrat stocks 
except perhaps locally on low shores and shallow lakes. This seems very natural, 
for muskrats thrive in their native country in its northernmost parts in regions 
where the temperature in winter is regularly lower. Likewise it has been observed 
that muskrats thrive in Siberian watercourses (e.g. Bujacovic 1951, Lavrov 1955 b, 
1957) where the winter are far colder than in Finland. 
The insulating effect of the snow cover is essential for the thriving and survival 
of many small animals over the winter (e.g. Formosov 1939, Farsky & Mrkos 
1942). A thick snow cover completes the protection that bank dens or muskrat 
houses give to muskrats in winter. Severe winters with a thin snow cover are 
known by trappers to be very harmful to muskrat stocks. Porshild (1945) remarks 
that »is is important for the rat that an abundant snow covers the lakes and the 
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push ups.) In Minnesota attempts are made to avoid great losses in winter by 
giving a far greater number of trapping licenses in winters with thin snow cover 
than in winters \vith abundant snow (Highby 1941). 
The depth of the snow cover in the Tampere district in the winters of 1928/29-
1958/59 (Monthly Surveys of the Meteorological Office 1928-59) is shown in 
Figure 42. The mean depth of the snow cover in the period in question was 16.3 cm. 
When possible, the effects of depth of snow cover on the survival of muskrat popu-
lations over the winter have been examined, and it was found that after the rather 
cold but short winter of 1935/36 with thick snow, the numbers of muskrats rose 
and catches increased. After the following mild winter with less snow the muskrats 
became even more abundant. Later there were many winters (1937/38-1941/42) 
when cover was thicker but at the same time the temperatures were lower and the 
populations declined. Even the exceptionally thick snow cover could not prevent 
the decline of the populations and their decrease to a minimum. The depth of 
the snow cover in the following winters fluctuated round its average value, but 
in many winters was below this. The muskrat stocks, however, became more abun-
dant (with phases of slight decrease) and reached a new maximum in spring 1955, 
although winter temperatures continued to be very low. The thinness of the snow 
cover had not yet had any adverse effect on the growth of the muskrat populations. 
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Hence, although a thick snow cover in winter, which is often accompanied by 
severe frosts, has in certain winters been able to protect our muskrat stocks from 
greater losses, no correlation can be discerned between the thickness of the snow 
cover and the success of overwintering of the muskrat populations. 
VI. SUMMARY 
For economic reasons, a total of about 1100 muskrats were imported into Fin-
land from Germany, Czechoslovakia, and North America. Muskrats reared on fur 
farms here and specimens caught from nature were also used for introductions. 
Muskrats were released in a total of 293 localities from Hankoniemi to Inari. 
The total number of specimens introduced amounted to about 2300. 
The dispersion from the centres of release was very rapid. Within about 35 
years (1920-55) muskrats had occupied virtually all those watercourses generally 
capable of supporting them. Only in the drainage basin of the Rivers Tornion 
- Muonionjoki have they perhaps further possibilities to spread to any great 
extent. 
The present limit of the distributional area of muskrats runs through the 
watershed were the Kemijoki drainage basin has its sources and in the drainage 
basin of the Rivers Tornion - Muonionjoki in Muonio, to which they have recently 
extended their range. 
In North Finland spread has been distinctly slower than in the southern and 
central parts of the country. The speed of emigration has varied in South and 
Central Finland between the limits of 4-120 sq .km.jyear. The usual values have been 
10-20 km.jyear. Compared with other mammals, this speed is very great. The rate 
of spreading has varied between the limits of 4-170 sq.km.jyear. In the water-
courses of the coast, which consist mainly of rivers, the average rates of spreading 
have been distinctly lower (4-15 sq.km.jyear) than inland, in the lake district 
(25-50 sq.km.jyear). The results are the same even if only the littoral zone is reck-
oned as the area occupied. This may depend on the fact that lakes are open 
biotopes in which dispersion is always possible in almost every direction, whereas 
rivers are closed biotopes, dispersion having limited possibilities and the central 
area soon becoming overpopulated. 
The number of muskrats released seems not to have had any essential effect 
on the rate of dispersion. 
The Virginian muskrat has not done so well in Finland as the nominate race. 
The spread observed at the beginning soon ceased and the animals have disap-
peared altogether from many of the sites of release. The largest continuous area 
is at present in the Saimaa district. 
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The climatic similarities between the native areas of the nominate race in the 
Great Lakes region of North America and in Finland has been the main factor 
accounting for the successful introduction of muskrats into this country. The poor 
thriving of Virginian muskrats must also depend on the fact that the climate 
of its native range deviates noticeably from that of Finland. 
The normal annual variations of water-level in Finland are not so great as to 
affect the muskrats adversely. On shallow shores, in the northern parts of Poh-
janmaa and on both sides of the Bay of Viipuri, the variation in water level is so 
great that muskrats have not settled down there. 
Muskrats have been observed to thrive best in eutrophic and dys-eutrophic 
lakes where food is plentiful. Such localities are commonest in South and S.W. 
Finland where agriculture is more intensive. Dystrophic and oligotrophic lakes 
are distinctly less productive. The last-mentioned waters do not generally harbour 
permanent muskrat populations. 
In very shallow lakes which freeze to the bottom in winter muskrats do not 
succeed. Nor do they like very steep shores with narrow zones of aquatic vege-
tation. 
The nature of the shores also determines the suitability of a locality. For this 
reason muskrats do not normally colonize bogs although they have rapidly oc-
cupied ditches dug in them. 
As between flowing and standing water, muskrats show no preference. 
Small watercourses where the factors of erosion have little effect on the shores 
and aquatic vegetation, are the best muskrat habitats. 
Salinity or pollution of the waters seems to have no harmful effect on muskrat 
populations. 
The favourite food plants of muskrats are: TYPha, Sparganium erectum, 
Scirpus lacustris, Carex spp., Equisetum limosum, Isoetes, Sparganium simplex 
and Phragmites. Plants with floating leaves are also important food plants. 
The aquatic vegetation available to muskrats in Finland is very similar to the 
plants to which the species is accustomed in its native country. In this respect, 
muskrats have come to an environment familiar to them. The same may be said of 
their animal food, which muskrats have been shown to use more in the cold season. 
The best conditions regarding their plant food productivity prevail in the southern 
and central parts of the country. The barrenness of the waters of North Finland 
has prevented the occupation of watercourses there. 
In watercourses occupied by dense muskrat populations the disappearence of 
aquatic vegetation has been distinctly discernible as a result of muskrat activity. 
Horstail rush, common reed, and bulrush stands (Equisetum, Phragmites, and 
Scirpus associations) have suffered the most serious depredations from muskrats. 
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The disappearance of aquatic vegetation has only continued up to a certain point, 
however. The balance between the muskrat density and aquatic vegetation is 
evidently reached fairly soon. 
No competition in regard to food or space has been observed between muskrats 
and other mammals living in Finnish watercourses. No species occupying a similar 
ecological niche live in our shore biotopes. In this respect these have been open 
to muskrats. This has certainly been one of the main factors responsible for the 
quick spread of these animals. 
In Finland, muskrats have the same (or at least closely related) enemies as in 
their native country. It has not been established that their predators have in 
any way been able to limit the spread and acclimatization of muskrats. 
In the first years after their introduction muskrats more generally gave birth 
to their young in muskrat houses than they do at present. But evidently the de-
struction of their houses, chiefly by man, has led to a decrease in this habit and 
nesting in bank dens has become more general. This phenomenon has been so 
common that a change of nesting habit occurring in connection of acclimatiza-
tion can be spoken of. 
Sexual maturity is only attained by muskrats in the spring after their year 
of birth. 
The number of litters according to observations in the southern parts of count-
ry, is two, and sometimes only one. 
The number of embryos varies in muskrats from 1 to 10, the average being 
6.8. The number of young also varies within the same limits, the average being 
4.8. 
The logarithmic growth period of muskrat stocks in this country has been 
biphasic. Up to 1937 there was a rapid increase. Then followed a phase of decline 
lasting 7 years, after which the populations increased up to the year 1955, when 
the highest peak was reached. Since then the populations have been decreasing, 
but it cannot be said whether the muskrat stocks have already reached the 
maximum abundance compatible with carrying capacity. 
The extent of catches, on the scale carried out here, has not been able to affect 
the variations occurring in the populations. 
Unfavourable water conditions have sometimes caused great changes in local 
populations but they have evidently had no fundamental effect on muskrat 
population trends in the entire country. 
The winter is the period when the muskrats are most vulnerable. The length 
of the ice period was observed to be the main factor responsible for the decline 
occurring after 1937 and for the fact that the growth phase of the population has 
been biphasic. 
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